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FIFTEENTH  ANNUAL 


Report  of  the  State  Geologist 


Iowa  Geological  Survey, 
Des  Moines,  Iowa,  December  31,  1906. 

To  Governor  Albert  B.  Cummins  and  Members  of  the  Geological 
Board: 

Gentlemen  : — Greatly  to  the  regret  of  all  concerned,  Professor 
F.  A.  Wilder  found  it  necessary  to  resign  the  Directorship  of  the* 
Iowa  Geological  Survey  during  the  year  1906,  his  resignatioiL 
taking  effect  on  the  first  of  May  last.  The  plans  he  had  formu- 
la/ted for  the  season's  work  were,  however,  carried  out  as  far  as 
possible.  For  more  than  two  years  Professor  Wilder  had  been 
engaged  in  a  study  of  the  coals  of  Iowa.  Through  his  efforts 
the  Iowa  coals  were  among  the  first  to  receive  attention  at  the- 
Coal-Testing  Plant  of  the  United  States  Geological  Survey  at 
Saint  Louis,  and  it  was  his  plan  to  prosecute  the  work  of  inves- 
tigation continuously  till  it  should  be  completed.  This  personal 
work  was,  of  necessity,  suspended  by  his  removal  from  the  state. 
It  is  expected,  however,  that  Professor  Wilder  will  soon  return 
to  finish  the  investigation  and  prepare  the  report  on  Iowa  coals 
in  accordance  with  the  original  plans.  Furthermore,  about  the 
beginning  of  the  working  season,  and  when  it  was  too  late  to  find 
suitable  substitutes,  some  of  the  men  who  had  been  employed  to 
take  up  certain  other  lines  of  work,  found  it  impossible  to  carry 
out  their  engagements.  Accordingly  the  field  corps  of  the  Sur- 
vey during  the  last  working  season  was  smaller  than  usual. 
This  condition  was  still  further  aggravated  by  the  fact  that  un- 
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.•.;!*  usual  delays  and  diflSculties,  wholly  unnecessary  as  far  as  ap- 
, .';  '  peared  on  the  surface,  were  met  in  the  printing  of  the  annual 
report.  The  result  was  that  the  Assistant  State  Geologist  was 
detained  in  the  oflSce  during  the  entire  working  season,  super- 
vising work  that  should  have  been  finished  early  in  August  at  the 
latest.  With  all  that  could  be  done,  the  field  season,  in  the  case 
of  this  member  of  the  geological  staff,  wias  lost.  The  most  im- 
portant line  of  investigation  carried  on  by  the  Survey  during 
1906  related  to  the  quarry  products  of  the  state.  This  work  was 
done  under  the  efficient  direction  of  Dr.  S.  W.  Beyer,  who  had  as 
assistants  in  the  field  and  laboratory  Mr.  Ira  A.  Williams  and 
Mr.  Walter  B.  Oole.  Especial  attention  was  given  to  the  loca- 
tion, characters  and  extent  of  materials  suitable  for  the  manu- 
facture of  Portland  cement.  At  present  the  people  of  Iowa,  in 
common  with  the  people  of  the  civilized  world,  are  interested  in 
the  question  of  cement  materials  as  in  scarcely  any  other  ques- 
tion of  purely  geologic  import.  There  is  a  practically  unlimited 
market  for  Portland  cement,  its  uses  and  applications  are  in- 
creasing in  number  and  importance  almost  daily,  and  Iowa  pos- 
sesses the  materials  for  its  manufacture  in  almost  limitless 
quantities.  Letters  by  the  score,  making  inquiry  concerning  the 
suitability  of  materials  for  cement  making,  have  been  received 
at  this  oflSce  during  the  year,  and  the  geographical  distribution 
of  the  post  offices  from  which  the  letters  were  mailed  clearly 
indicate  an  interest  reaching  to  every  corner  of  the  state.  At 
the  present  time  the  Mason  City  region  is  attracting  more  atten- 
tion than  any  other.  One  company,  financially  strong,  has  lo- 
cated here,  and  others  are  studying  the  situation.  The  coming 
year  will  witness  at  least  one  plant  in  this  locality  in  full  opera- 
tion. A  strong  company  has  options  on  lands  containing  coal 
as  well  as  the  raw  materials  for  cement,  at  Harvey  in  Marion 
county,  and  preliminary  work  is  progressing  in  a  number  of 
other  localities.  Iowa  has  been  slow  in  recognizing  her  advantages 
in  this  direction,  but  there  is  now  fair  promise  that  our  state  will 
soon  occupy  a  leading  place  in  the  production  of  one  of  the  most 
necessary  and  important  of  modern  structural  materials.  Pro- 
fessor Beyer's  report  on  the  quarries  and  quarry  products  of 
Iowa  is  herewith  submitted  for  publication  as  volume  XVII  of 
the  Eeports  of  the  Iowa  Geological  Survey. 
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The  coal  industry  has  flourished  during  the  year,  and  the  out- 
put for  1906  will  s^bow  a  substantial  increase  over  that  of  former 
years.  The  commercial  value  of  peat  fuel  has  not  yet  been  gen- 
erally recognized,  but  the  number  of  inquiries  coming  to  the 
office  would  indicate  an  awakening  of  interest,  and  it  should  not 
be  long  until  the  resources  of  the  state  in  this  direction  will  be 
exploited  and  made  to  contribute  to  the  wealth  and  comfort  of 
the  people.  Experiments  carried  on  in  the  Province  of  Ontario, 
Canada,  render  it  practically  certain  that,  with  properly  con- 
structed machinery,  peat  may  be  made  to  compete  with  coal  in 
economy  and  efficiency  as  a  fuel  for  ordinary  purposes  of  heat- 
ing, while  the  Saint  Louis  experiments  with  the  producer  gas 
engine  indicate  the  high  value  of  this  fuel  as  a  source  of  power. 
The  alarming  and  distressing  effects  of  the  fuel  famine  which 
now  prevails  in  some  of  our  neighboring  states,  emphasize  the 
desirability  of  conserving  and  utilizing  to  the  utmost  each  and 
all  of  our  fuel  resources. 

The  United  iStates  Geological  Survey  has  continued  its  work 
in  topographic  mapping  in  Iowa,  during  the  past  season.  The 
extent  of  the  work  so  accomplished  can  be  best  set  forth  by  quot- 
ing from  the  Annual  Repprt  of  the  Director  of  the  National  Sur- 
vey for  the'  fiscal  year  1905-6.  Speaking  of  Iowa  he  says  '  *  Two 
parties  were  engaged  in  field  work  during  the  season.  The  sur- 
vey of  the  Des  Moines  quadrangle,  in  Polk  and  Warren  counties, 
and  of  the  Nebraska  City  (Nebraska-Iowa-Missouri)  quadrangle, 
in  Fremont  county,  was  completed.  This  work  is  for  publication 
on  the  scale  of  1 :  62,500,  with  a  contour  interval  of  20  feet.  There 
were  mapped  in  the  course  of  this  work  256  square  miles  in  the 
above  named  quadrangles,  and  in  addition  35  square  miles  be- 
yond quadrangle  limits;  587  miles  of  spirit  levels  were  run,  in 
the  course  of  which  19  permanent  bench  marks  and  4,466  eleva- 
tions were  determined;  and  772  miles  of  linear  road  traverse 
were  run. ' ' 

In  northeastern  Iowa  the  topography  has  been  developed  by 
erosion  of  the  indurated  rocks,  and  the  geologic  mapping  of  the 
region  becomes  impossible  without  a  topographic  base  map. 
This  the  United  States  Geological  Survey  has  furnished  by  work 
done  in  the  state  during  the  past  ten  or  twelve  years,  and  the 
geological  maps  of  Dubuque,  Clayton,  Fayette,  Winneshiek  and 


4  ADMINISTRATIVE  REPORTS. 

most  of  Jackson  are  based  on  the  topographic  work  of  the  Na- 
tional Survey.  At  the  request  of  the  Iowa  Survey  the  topo- 
graphic survey  in  Iowa  has  recently  been  transferred  to  the  re- 
gion of  productive  coal  measures  near  Des  Moines.  Many  of  the 
problems  relating  to  the  occurrence  of  coal  can  be  best  studied  in 
e>onnection  with  an  accurate  topographic  map,  and  it  is  the  hope 
that  the  great  productive  coal  area  from  Fort  Dodge  southward 
to  the  Missouri  line  will  soon  be  covered  with  the  topographic 
sheets  of  the  United  States  Survey.  By  the  action  of  the  Legis- 
lature the  State  Survey  may  co-operate  with  the  national  bureau 
in  hastening  the  work  of  topographic  mapping.  The  State  Sur- 
vey will  pay  not  more  than  half  of  the  field  expenses,  while  the 
National  organization  will  pay  the  remainder  and  will  assume 
all  the  expense  of  engraving  and  printing  the  topographic  sheets. 

Apart  from  the  work  incident  to  the  study  of  the  cement  ma- 
terials and  other  quarry  products,  field  work  has  been  prose- 
cuted in  a  number  of  counties.  Prof.  M.  F.  Arey  has  completed 
a  survey  of  Butler  county.  Prof.  S.  W.  Stookey  has  worked  in 
Iowa  county,  and  Prof.  T.  H.  Macbride  has  completed  the  field 
work  in  Wright  and  Hamilton  counties.  In  addition  to  the  work 
in  the  two  counties  named  Professor  Maobride  has  made  a  care- 
ful study  of  the  distribution  of  flowing  well®  which  have  their 
origin  in  the  Pleistocene  deposits,  extending  his  observations 
from  the  Minnesota  line  as  far  south  as  Poweshiek  and  Iowa 
counties.  The  information  so  collected  is  of  very  great  interest 
and  value. 

The  study  of  the  underground  waters  of  Iowa  has  been  con- 
tinued under  the  direction  of  Professor  Wm.  H.  Norton,  the  ex- 
penses of  the  field  work  having  been  met  by  the  U.  S.  Gee  rical 
Survey.    A  very  full  report  will  soon  be  ready  for  publication. 

With  your  sanction  the  Iowa  Survey  has  co-operated  with  the 
Geological  Survey  of  Illinois  in  the  study  of  certain  physio- 
graphic and  geologic  problems,  of  especial  value  from  a  scien- 
tific and  educational  point  of  view,  found  on  both  sides  of  the 
Mississippi  river  between  Dubuque  and  Davenport. 

Professor  B.  Shimek  has  continued  his  studies  of  the  loess, 
gathering  material  for  an  exhaustive  monograph  on  this  im- 
portant and  exceedingly  interesting  formation.  The  loess  con- 
stitutes the  soil  over  a  very  large  area  of  Iowa,  and  loess  soil 
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on  surfaces  of  moderate  slope  is  one  of  the  most  valuable,  the 
most  productive,  the  most  easily  cultivated.  The  supremacy 
of  Iowa  in  the  production  of  corn  and  all  related  products  of  the 
farm,  is  due  in  no  small  degree  to  the  peculiarities  of  the  loess 
and  to  the  very  extensive  area  over  which  it  is  spread.  All 
studies,  therefore,  that  can  throw  light  on  its  history  and  origin 
are  to  be  encouraged,  and  it  is  a  pleasure  to  recognize  the  fact 
that  in  Professor  Shimek  we  have  the  man  best  qualified  by  long 
observation  and  experience  to  undertake  a  thorough  investiga- 
tion of  this  remarkable  and  much  misunderstood  deposit.  The 
results  of  his  work  will  soon  be  ready  for  your  consideration. 

Dr.  Charles  R.  Eastman  of  Harvard  University  has,  for  some 
time,  been  at  work  on  a  study  of  the  Devonian  fishes  of  Iowa.  In 
no  other  state  has  such  a  large  and  interesting  assemblage  of 
fossil  fish  remains  of  Devonian  age  been  found,  and  it  is  with 
pleasure  and  no  small  degree  of  pride  that  we  look  forward  to 
the  time,  in  the  near  future,  when  the  unique  types  and  full 
scientific  significance  of  our  Devonian  fish  fauna  will  be  given  to 
the  world  through  the  medium  of  the  publications  of  the  Iowa 
Geological  Survey. 

Our  whole  Devonian  system  deserves  the  most  careful  study. 
On  the  one  hand  are  its  extensive  deposits  of  clays,  cement  rocks 
and  other  economic  materials  demanding  attention  on  account  of 
their  commercial  importance,  and  on  the  other  hand  are  its 
many  remarkable  groups  of  ancient  forms  of  life  inviting  study 
from  a  more  purely  scientific  point  of  view.  The  Iowa  Devonian 
differs  in  marked  ways  from  Devonian  sections  in  other  parts  of 
our  country.  It  is  already  a  standard  in  the  world  of  geologic 
science,  but  it  still  needs  thorough,  detailed  investigation  and 
description  to  bring  out  all  the  characteristics  of  economic  and 
scientific  importance,  which  for  the  benefit  of  the  future  citizen 
and  student,  should  be  placed  on  permanent  record.  To  Iowa 
the  scientific  world  has  learned  to  look  for  the  standard  Ameri- 
can section  of  the  deposits  of  the  great  ice  age,  for  here  the  rec- 
ords of  the  successive  glacial  invasions  of  the  Pleistocene  period 
are  most  complete  and  have  been  most  satisfactorily  deciphered. 
The  unusually  favorable  opportunities  lafforded  by  the  geolog- 
ical formations  of  the  state  to  shed  light  on  a  number  of  impor- 
tant world  problems,  impose  obligations  that  ought  not  to  be 
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neglected.  Iowa  owes  it  to  herself  and  to  science  to  make 
known  to  the  world  her  wealth  of  scientific  facts,  as  well  as  her 
economic  products. 

The  increasing  use  made  of  the  reports  of  the  Survey  in 
High  Schools  and  Colleges,  in  connection  with  studies  relating 
to  the  Geography,  Physiography,  Geological  structure  and 
Economic  resources  of  the  state,  is  very  encouraging;  for  the 
general  call  for  literature  descriptive  of  Iowa,  in  a  form  that 
may  be  used  in  classes,  indicates  the  growth  of  clearer  knowl- 
edge on  the  part  of  the  citizens  to  be,  concerning  the  state  and  its 
possible  geologic  products.  Many  thousands  of  dollars  have,  in 
the  past,  been  spent  in  uninformed  efforts  to  discover  deposits 
of  commercial  importance  at  points  where  such  deposits  could 
not  possibly  exist.  To  help  our  people  to  see  what  our  resources 
are  and  how  to  proceed  intelligently  to  develop  them,  is  to  render 
them  a  service  of  the  highest  value.  Among  the  educators 
of  the  state  there  is  a  great  demand  at  present,  a  demand  that  is 
sure  to  grow  as  the  years  go  by,  for  a  moderate  sized  volume 
descriptive  of  the  state  as  a  whole,  and  I  recommend  that,  as 
soon  as  possible,  an  effort  be  made  by  the  Survey  to  meet  this 
demand. 

Progress  has  been  made  during  the  year  in  collecting  and 
arranging  the  material  for  the  general  volume  on  the  Geology 
of  Iowa.  It  will  be  some  time  before  the  work  can  be  completed. 
This  volume  will  necessarily  be  larger,  fuller  and  more  technical 
than  the  educational  volume  contemplated  in  the  preceding  para- 
graph. 

I  have  the  honor  to  remain,  gentlemen. 

Yours  very  sincerely, 

Samuel  Calvin. 
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Iowa  Geological  Survey, 
Des  Moines,  December  31,  1906. 

Dear  Sir  : — I  have  the  honor  to  submit  the  following  report  of 
my  work  during  the  year  1906 : 

I  was  called  to  take  charge  of  the  Des  Moines  office  of  the  Sur- 
vey on  the  first  of  May  upon  the  resignation  of  Mr.  Savage  and 
at  once  began  assisting  him  in  the  compiling  of  the  large  geo- 
logical map  of  the  state  which  accompanies  volume  XVI  of  the 
reports.  After  this  the  work  of  proof-reading  the  Supplemen- 
tary Report  on  Portland  Cement  Materials  in  Iowa,  by  Profes- 
sor S.  W.  Beyer,  occupied  some  time.  This  report  constitutes 
Bulletin  No.  3  of  the  Survey  reports. 

After  the  comple'tion  of  this  work  the  preparation  of  the  dif- 
ferent papers  of  volume  XVI  for  the  printer  was  undertaken, 
also  the  supervision  of  the  making  of  the  plates  for  illustrating 
the  volume.  A  task  which  involved  a  great  amount  of  time  and 
detailed  work  was  that  of  revising  and  correcting  the  proofs 
of  the  county  and  state  maps  w^hich  were  made  this  year,  includ- 
ing those  for  Winneshiek,  Jackson,  Bremer  and  Franklin  coun- 
ties. Especial  care  has  been  taken  to  have  these  maps  uniform 
in  color  schemes  and  patterns  with  the  best  maps  of  previous 
volumes.  In  the  case  of  the  wall  map  of  the  state  the  colors  used 
are  the  same  as  those  adopted  for  the  recent  geological  map  of 
North  America  issued  conjointly  by  the  Canadian,  United  States 
and  Mexican  Surveys. 

Owing  to  great  delay  in  setting  up  the  material  of  the  report, 
the  printing  was  not  completed  until  late  in  the  autumn  and 
hence  there  was  no  opportunity  for  carrying  on  any  field  work, 
but  the  entire  summer  had  to  be  spent  in  the  oflBce.  It  is  now 
clear  that  at  least  two  months  spent  in  expectation  of  proof 
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from  the  printer  might  have  been  used  to  good  advantage  in 
the  field  and  the  report  published  as  early  as  was  ultimately  the 
case.  As  it  was,  the  report  was  not  delivered  to  this  office  until 
the  close  of  the  year.  It  is  much  to  be  hoped  that  future  volumes 
can  be  issued  without  so  much  unnecessary  delay. 

The  last  few  days  of  the  year  have  been  spent  at  Iowa  City  in 
making  a  complete  set  of  photographs  from  the  negatives  in  the 
possession  of  the  Survey  and  of  the  Director.  This  set  when 
bound  will  be  a  valuable  addition  to  the  library  of  the  Survey. 
A  similar  but  somewhat  less  complete  set  will  be  mounted  in  a 
case  in  the  Survey  museum  for  more  ready  inspection  by  visitors. 

A  large  amount  of  correspondence  has  been  carried  on  with 
persons  who  are  interested  in  the  natural  resources  of  the  state. 
Many  persons  and  corporations  are  desirous  of  learning  the 
advisability  of  investing  capital  in  the  Portland  cement  industry 
and  we  have  been  called  upon  to  furnish  such  information  as  we 
possess.  This  we  have  done  and  have  in  this  way  distributed 
a  large  number  of  copies  of  Bulletin  Xo.  3,  and  of  the  paper  by 
Bain  and  Eckel  on  Cement  and  Cement  Materials  of  Iowa,  which 
appeared  in  volume  XV  of  the  annual  reports.  Interest  in  the 
clav  and  other  industries  of  the  state  is  also  active  both  within 
and  without  our  state  and  we  are  frequently  in  receipt  of  re- 
quests for  reports  and  other  data. 

In  addition  there  have  been  sent  to  the  office  numerous  samples 
concerning  the  economic  value  of  which,  information  has  been 
desired.  So  far  as  possible  this  information  has  been  furnished 
and  considerable  time  and  labor  have  been  given  to  this  part  of 
the  work  and  to  making  such  qualitative  determinations  as  are 
possible  with  the  equipment  at  hand. 

During  the  current  year  there  has  been  collected  and  turned 
into  the  State  Treasury  from  the  sale  of  reports,  as  required  by 
law,  $62.79. 

The  following  publications  have  been  added  to  the  library  of 
the  Survey : 

United  States  Geological  Survey:  26th  Annual  Report,  1904-1905. 
Monograph  48;  Status  of  Mesozoic  Floras  of  U.  S.,  Ward. 
Mineral  Resources  of  the  United  States,  1904. 
Bulletins  268-301. 
Water  Supply  Papers  153-186. 
Professional  Papers  43-55. 
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Annnal  Report  of  the  Smithsonian  Institution,  1904. 

Proceedings  of  the  U.  S.  National  Museum,  Vols.  29  and  30. 

Geological  Survey  of  Ohio,  Bulletins  4,  5  and  6. 

Topographic  Survey  of  Ohio,  1904. 

C^logical  Survey  of  New  Jersey,  Annual  Report,  1905. 

North  Carolina  Geological  Survey,  Building  and  Ornamental  Stones.. 

Department  of  Geology  and  Natural  Resources  of  Indiana,  30th  Annual  Report, 
1905. 

North  Dakota  Agricultural  College  Survey:  Biennial  Report,  1903-4. 

Maiyland  Geological  Survey;  Report  on  Pleistocene  and  Pliocene. 

Kentucky  Geological  Survey;  Report  of  Progress,  1905,  Bulletins  1,  2,  4,  5. 

Illinois  Geological  Survey,  Bulletins  1-3. 

Missouri  Botanical  Garden,  1906. 

Bulletins  of  Ohio  Department  of  Agriculture. 

Bulletins  of  Greorgia  State  Board  of  Entomology. 

Ohio  State  University,  Mycological  Bulletins. 

Bulletins  of  the  University  of  Montana. 

Colorado  College  Publications. 

Bulletins  of  the  Department  of  Geology  of  the  University  of  California,  Vol.  4. 

Science  Bulletin  of  the  University  of  Kansas,  Vol.  III. 

Proceedings  of  the  Davenport  Academy  of  Sciences,  Vol.  XI. 

Missouri  Historical  Society  Collections,  Vol .  2. 

Transactions  of  the  Academy  of  Sciences  of  St.  Louis,  Vol.  XV£. 

Proceedings  of  the  Rochester  Academy  of  Sciences,  Vol.  4. 

Journal  of  the  Cincinnati  Society  of  Natural  History,  Vol.  XX. 

Transactions  of  the  American  Institute  of  Mining  Engineers,  Vol.  XXXVI. 

Technology  Quarterly,  Vol.  XIX. 

Coal  Trade  Journal,  Vol.  XLV. 

Black  Diamond,  Vols.  36  and  37. 

Engineering  and  Mining  Journal,  Vols.  81  and  82. 

Cement  and  Engineering  News,  Vol.  XVII. 

Rock  Products,  Vol.  V. 

Clay  Record,  Vols.  28  and  29. 

Clay  Worker,  Vols.  XLV  and  XLVI. 

Brick,  Vols.  XXIV  and  XXV. 

American  Producer,  Vol.  V. 

Mines  and  Minerals,  Vols.  XXVI  and  XXVII. 

Greological  Survey  of  Canada,  Vols.  XIV  and  XV. 

Ontario  Bureau  of  Mines,  1904. 

Ontario  Agricultural  and  Experimental  Union,  27th  Annual  Report,  1905. 

Memoirs  of  the  Geological  Survey  of  Great  Briain,  1905. 

Proceedings  of  the  Geologists'  Association,  London,  Vol.  XIX. 

Transactions  of  the  North  of  England  Institute  of  Mining  and  Mechanical  En- 
gineers, 1906. 

Memoirs  and  Proceedings  of  the  Manchester  Literary  and  Philosophical  Society, 
Vol.  50. 

Transactions  of  the  Royal  Geological  Society  of  Cornwall,  England,  Vol.  XIII. 

Proceedings  of  the  Royal  Society  of  Edinburgh,  Vols.  25  and  26. 

Proceedings  of  the  Royal  Philosophical  Society  of  Glasgow,  Vol.  XXXVI. 

Geological  Commission  of  the  Cape  of  Good  Hope;  10th  Annual  Report,  1905. 

Geological  Society  of  South  Africa,  1906. 
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Geological  Survey  of  Qaeensland,  Report,  1905,  1006. 

South  Australia,  Mining  Operations  in,  1905,  d906. 

South  Australia  Geological  Survey,  1906. 

Western  Australia  Geological  Survey,  1906. 

Victoria  Department  of  Mines,  Annual  Reports,  1905,  1906. 

New  South  Wales,  Geological  Survey,  Vol.  VIII,  1905. 

New  South  Wales,  Department  of  Mines,  Annual  Report.  1905. 

Memoirs,  1905. 

Proceedings  of  the  Royal  Society  of  Victoria,  Vol.  XVIII,  1906. 

Transactions  of  the  Australian  Institute  of  Mining  Engineers,  Vol.  XI,  1906. 

New  Zealand  Geological  Survey,  Bull.  No.  1,  1906. 

Boletins  del  Instituto  Geologico  de  Mexico,  1905,  1906. 

Publications  pf  Sociedad  Cientifica  '^ Antonio  Alzate,"  Mexico,  1905. 

Anales  de  la  Academia  de  Ciencias  de  la  Habana,  Vol.  XLII,  1906. 

Bulletins  Commisao  Geog.  and  Geol.  do  Sao  Paulo,  Brazil. 

Re  vista  da  Sociedade  Scientiftca  de  Sao  Paulo,  1905. 

Boletin  del  Cuerpo  de  Ingenieros  de  Minas  del  Peru,  1906. 

Anales  del  Museo  Nacional  de  Buenos  Aires,  1905 . 

Mitteilungen  des  Vereins  fur  Erdkunde  zu  Leipzig,  1903,  1904. 

Geognostische  Jahreshefte,  1904. 

Jahrbuch  der  St.  Gallisches  naturwissenschaftlichen  Gesellschaft,  1905. 

Verhandlungen  der  schweizerischen  naturforscheiden  Gesellschaft  in  Luzern,  1905. 

Vierteljahrschrift  der  naturforscheiden  Gesellschaft  in  Zurich,  1906. 

Sammlungen  des  Geologischen  Reichsmuseums  in  Leiden,  Vol.  VIII,  1906. 

Tromso  Museum  Publications,  1904. 

Sveriges  Geologiska  Undersokning,  1906. 
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James  H.  Lees. 
To  Professor  Samuel  Calvin,  State  Geologist. 
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BY 
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VALUE  OF  MINERAL  PRODUCTION 

1904 

Coal $10,439,496 

Clay 3,487,376 

Stone 642,170 

Gypsum 469,432 

Lead 2,619 

Sand-lime  brick 13,907 

Total $14,956,000 

1905 

Coal $10,495,593 

Clay 3,408,547 

Stone 533,509 

Gypsum 589,055 

Lead 1,500 

Sand-lime  brick 38,642 

Mineral  water* 36,200 

Total $15,103,046 

1906 

Coal $11,619,455 

Clay 3,477,237 

Stone  including  lime 577,782 

Gypsum 573,498 

Lead  and  zinc 26,300 

Sand-lime  brick 38,255 

Mineral  water* 27,540 

Sand  and  gravel 74,380 

Total $16,414,447 

*  Mineral  paint  is  combined  with  mineral  water. 


MINERAL  PRODUCTION  IN  IOWA  FOR  1906.* 


BY  8.  W.  BEYER. 


The  mineral  production  for  1906  "totals  considerably  over  a 
million  dollars  more  than  for  1905.  The  principal  gain  is  in  the 
value  of  the  coal  output  which  shows  not  only  an  increased  ton- 
nage but  also  an  increase  in  price  for  the  year.    The  production 

*  The  policy  of  co-operation  practiced  during  the  past  ten  years  between  the  Federal  and 
State  Surveys  was  materially  modified  for  1906.  All,  or  practically  all.  of  the  correspond- 
ence was  carried  on  from  the  central  office  at  Washington.  A  list  of  the  producers  who 
could  not  be  called  up  by  letter  was  furnished  the  local  office  and  these,  as  far  as  practi- 
cable, were  visited  by  a  representative  of  the  State  Survey.  Tabulation  sheets  were  sup- 
{>lied  by  the  U.  S.  Geological  Survey  for  Coal,  Clay,  Stone,  Oypsum,  Mineral  paints.  Sand- 
ime  brick  and  Sand  and  gravel.  The  Statistics  for  lead  and  zinc,  cement  products,  and 
iron  ore  were  collected  and  compiled  by  the  local  office.  It  is  a  mauer  of  regret  that  the 
data  supplied  will  not  permit  tabulation  by  counties  for  all  of  the  mineral  products. 

(13) 
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of  sand  and  gravel  is  included  in  mineral  production  for  the  first 
time  in  a  report  of  the  Iowa  Geological  Survey.  As  in  the  case 
of  quarry  products  it  is  almost  impossible  to  secure  accurate  fig- 
ures on  account  of  the  large  number  of  small  operators  who  pro- 
duce only  for  their  own  use.  The  aggregate  outpnt  is  undoubt- 
edly much  greater  than  the  figures  show. 

Coal. 

The  production  of  coal  for  1906  shows  a  healthy  growth  in  the 
industry  for  the  year.  This  growth  represents  more  than  simply 
increased  tonnage.  Many  of  the  larger  companies  installed  dur- 
ing the  year  betterments  in  the  surface  equipment  and  mechanical 
haulage  underground.  The  Consolidation  Coal  Company  has  in 
addition  installed  coal  cutting  machinery,  greatly  increasing  the 
efficiency  of  the  plants. 

The  subjoined  table  shows  the  growth  in  tonnage,  value,  aver- 
age price  per  ton,  average  number  of  days  worked  and  average 
number  of  men  employed  during  the  past  eight  years,  according 
to  the  authority  of  the  U.  S.  Geological  Survey : 


TOTAL  TOWS 

VALttK 

AVEBAQE 

AVEBAOK    SUM- 
BBB  OP  DAYS 

AVEKAOB    MUM- 
BER  OF  UEH 

WORKED 

EMPLOYED 

1899 

6,177,479 

e 

si.a4 

229 

10,971 

1900 

6,202,939 

1.38 

11.608 

1901 

5,617,496 

1.39 

218 

12.653 

1902 

5,9tM,766 

227 

12.434 

1903 

6,365,233 

1.64 

232 

13,583 

1904 

6,507.665 

1.60 

213 

16,373 

6,798,609 

209 

15.113 

190e 

7,286.224 

— 

1.60 

2U 

15.280 

The  output,  disposition,  value,  average  price  per  ton,  average 
number  of  days  worked  and  average  number  of  men  employed . 
by  counties  is  g^ven  in  tabulated  form  below. 
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It  is  apparent  when  the  above  table  is  compared  with  the  cor- 
responding table  for  1905  that  of  the  leading  coal  producing 
counties,  Appanoose,  Jasper,  Marion,  Monroe,  Polk  and  Wapello 
show  good  increases  while  Boone,  Mahaska,  Wayne  and  Webster 
show  a  decline.  Keokuk  and  Lucas  have  dropped  out  of  the  list 
of  large  producers.  Considerable  exploratory  work  has  been 
done  in  the  latter  county  during  the  past  few  years  with  encour- 
aging results  and  it  may  be  confidently  predicted  that  Lucas 
will  regain  its  place  with  the  large  producers  in  the  near  future. 

According  to  the  authority  of  the  U.  S.  Geological  Survey, 
Iowa  ranked  ninth  in  production  and  eighth  in  value  of  the 
bituminous  coal  output  for  1905.  The  ten  leading  producers  for 
the  year  were  as  follows : 


STATE 


TONNAGE 


VALUE 


1  Pennsylvania. 

2  Illinois 

3  West  Vir^nia 

4  Ohio 

5  Indiana 

6  Mabama 

7  Colorado 

8  Kentucky 

9  Iowa 

10  Kansas 


118,413 

38,434 

37,791 

25,552 

11,895 

11,866 

8,826 

8,432 

6,798 

6,423 


,637 
,363 
,580 
,950 
,252 
,069 
,429 
,523 
,609 
,979 


113,390,507 
40,577,592 
32,341,790 
26,486,740 
12,492,255 
14,387,721 
10,810,978 

8,385,232 
10,586,381 

9,350,542 


The  outlook  for  1907  is  for  a  continuance  of  the  high  price  per 
ton  with  possibly  a  slight  decrease  in  output. 

Clay. 

Iowa  Clay  products  sold  during  the  year  1906  were  distrib- 
uted as  follows: 


THOUSANDS 


VALUE 


Common  brick I         169,771   $  1,125,009 

Vitrified  paving  brick \          16,930  '  185,990 

Front  brick  ,            8,871  101,795 

Fire  brick 57  1  930 

Drain  tile [ 1,721,614 

Sewer  pipe '  1 14,241 

Hollow  building  tile  or  block 162,664 

Miscellaneous 5,084 

Total  I $  3,417,327 
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Platb  II. -Production  of  stone  in  Iowa  from  lS96to  1906. 
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VALUE 


Pottery 

Red  earihern  ware 

Stone  ware 

MiBceilaneous 

Total 


10,100 

44,600 

3,400 


58,000 


Tons 


Value 


Clay  Mined 

Fire  clay 

Miscellaneous 

Total 


355 
1,650 


560 
1,350 


$ 


1,910 


The  state  still  maintains  her  lead  in  the  manufacture  of  drain 
tile,  Indiana  and  Ohio  being  her  closest  competitors. 

Stone. 

The  value  of  stone  produced  for  1906  shows  a  slight  increase 
over  the  preceding  year.    The  output  was  distributed  as  follows : 

Limestone: 

Rough  building «  105,203 

Dressed  building 31,350 

Paving 6,527 

Curbing 8,030 

Flagging 7,632 

Rubble * 84,553 

Riprap 35,810 

Crushed  stone: 

Road  making 38,189 

Railroad  ballast 26,268 

Concrete 142,124 

Miscellaneous 8,129 

Lime  burned 78,366 


Sandstone 


$  572,181 
5,601 


Total 


$  577,782 
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Plate  III.— Production  of  Oypsum  and  Lime  in  Iowa  from  1896  to  1906. 
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Plate  IV.— Production  of  Lime  and  Gypsum  in  the  United  States  from  1896  to  1906. 
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Gypsum. 

The  total  production  shows  a  slight  decline  when  compared 
with  the  preceding  year.  Two  new  plants  were  built  but  were 
not  put  in  operation  until  early  in  1907.  The  statistics  of  the 
industry  for  the  year  1906  are  as  follows : 


VALUED  AT 


Quantity  crude  gypsum  mined , 

Distributed  as  follows: 

Sold  crude— 

To  Portland  cement  mills 

As  land  plaster 

Miscellaneous  uses 

Sold  as  Plaster-of*Paris,  Wall  Plaster,  etc 

Total 


$      199,222 


11,973 

6,922 

3,441 

551,162 

$    '573,498 


Sand  and  Gravel. 

The  Survey  publishes  for  the  first  time  since  its  organization 
statistics  of  production  for  sand  and  gravel.  Of  necessity,  re- 
ports could  be  secured  only  for  the  commercial  pits.  The  pit 
products  may  be  classified  as  follows,  calculated  in  short  tons : 


VALUE 


Molding  sand . 
Building  sand 
Fire  sand.... . 
Engine  sand . . 
Other  sand... 
Gravel 

Total . . . 


4,952 

127,271 

1,800 

8,550 

14,975 

27,125 


184,673 


$ 


5,152 
45,158 
1,400 
2,100 
4,863 
15,707 


$  74,380 


Lead  and  Zinc. 

■ 

Mining  and  exploratory  operations  were  carried  on  with  more 
than  the  usual  vigor  during  the  year  in  the  Dubuque  region. 
This  was  due  largely  to  the  greater  demand  for  both  lead  and 
zinc.  The  price  of  lead  ore  reached  $42.50  per  thousand  during 
the  year,  the  highest  in  more  than  a  third  of  a  century. 
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LEAD. 

About  600,000  pounds  of  lead  ore  were  produced  in  Iowa  dur- 
ing the  year  and  were  sold  at  an  average  price  of  $33.00  per 
thousand  pounds.  The  price  at  the  end  of  the  year  was  on  the 
advance  and  a  consequent  increase  in  output  for  1907  is  expected. 

ZINC. 

For  a  number  of  years  no  zinc  ore  has  been  marketed  from 
the  Dubuque  region.  The  year  1906  marks  the  rejuvena/tion  of 
the  industry.  About  500  tons  of  '*dry  bone*'  were  sold  at  an 
average  of  $13.00  per  ton.  While  no  **  jack**  was  shipped  a  con- 
siderable quantity  of  the  disseminated  zinc  sulphide  ore  was 
mined  and  is  now  held  in  stock  ready  to  be  milled.  A  fifty-ton 
mill  is  now  in  process  of  construction  by  the  Avenue  Top  Mining 
Company  and  will  be  ready  for  operation  September  1,  1907. 
The  mill  is  so  arranged  that  its  capacity  can  be  doubled  easily. 
It  is  reported  that  the  Superior  Mining  Company  contemplates 
building  a  mill  in  the  near  future. 

Several  companies  have  discovered  and  are  now  opening  up 
extensive  ore  bodies  and  are  only  awaiting  better  facilities  for 
cleaning  and  handling  the  output  before  mining  on  a  large  scale 
is  undertaken.  The  outlook  for  the  immediate  future  of  the  dis- 
trict is  brighter  than  for  many  years  and  a  greatly  increased 
output  for  1907  may  be  predicted  with  confidence. 

SUMMARY  OF  PRODUCTION  FOR  1906. 

Lead  (Galena)  600,000  pounds $  19,800 

Zinc  (Dry  Bone)  500  tons 6,500 

Total $  26.300 

Iron. 

Iowa  marketed  no  iron  ore  during  the  year  1906.  The  year 
was  not,  however,  without  results  as  to  the  future  of  the  iron 
industry  in  the  state.  The  Missouri  Iron  Company  with  head- 
quarters in  (Saint  Louis  has  for  more  than  eighteen  months  been 
exploring  Iron  Hill  near  Waukon,  and  neighboring  well  known 
iron  ore  bodies  with  the  result  that  they  are  at  the  present  time 
installing  a  modern  washer  to  handle  six  hundred  tons  of  finished 
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ore  per  day.  The  plant  will  be  supplied  with  power  by  a  400- 
horse  power  gas  producer  engine  direct  connected  to  D.  C.  gen- 
erators and  all  crushers  and  other  machinery  will  be  direct  con- 
nected to  motors.  It  is  believed  that  by  washing,  jigging  and 
roasting  the  metallic  iron  content  of  the  ore  can  be  brought  up 
to  between  55  and  60  per  cent.  The  ore  will  probably  be  shipped 
by  rail  to  the  river  and  then  by  boat  to  Saint  Louis  for  reduc- 
tion. 

Mineral  Water. 

The  bottling  and  shipping  of  mineral  water  has  become  an 
established  industry  in  Iowa.  The  most  important  producers 
are  the  springs  at  Colfax  in  Jasper  county.  The  amount  sold 
for  1906  was  227,500  gallons  valued  at  $23,700  or  at  an  average 
price  of  eleven  cents  per  gallon.    It  was  distributed  as  follows : 

Medicinal  water $  23,150 

Table  water 560 

Total «  23,700 

PORTLAND  CEMENT. 

The  year  1906  was  important  in  the  history  of  the  development 
of  the  mineral  resources  of  the  state  in  the  fact  that  two  Port- 
land cement  companies  were  organized  and  commenced  the  build- 
ing of  plants  at  Mason  City  and  Des  Moines,  respectively.  The 
former  plant  will  reach  completion  on  or  about  November  1, 
1907.  The  Des  Moines  plant  will  not  be  in  operation  before  the 
middle  of  1908.  A  third  company  has  been  organized  recently 
and  is  planning  to  erect  a  plant  at  Harvey,  in  Marion  county. 

Cement  Products. 

The  increase  in  the  use  of  Portland  cement  is  little  less  than 
phenomenal.  The  manufacture  of  cement  products  has  become 
a  recognized  industry  in  a  large  proportion  of  the  towns  of  the 
state,  especially  throughout  the  north  central  portion,  where 
structural  materials  are  scarce.  The  principal  products  are 
building  block,  cement  brick  and  drain  tile.    The  industry  is  yet 
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Plate  v.— Production,  imports  and  prices  of  cements  in  the  United  States  from  1894  to  1^  . 
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in  its  infancy.    The  leading  products  marketed  during  the  year 
were  as  follows: 

Building  block $  207,195 

Cement  brick 24,379 

Drain  tile 102,535 

Fence  posts 11,497 

Roof  tile 5,215 

Total $  360,821 

A  much  larger  amount  of  cement  was  used  in  the  building  of 
sidewalks,  floors,  foundations,  chimneys,  water  tanks  and  fire- 
proofing. 
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CHAPTER  I 


THE  MATERIALS  AND  MANUFACTURE  OF  PORTLAND^ 

CEMENT. 

The  following  general  treatise  on  the  properties  of  the  raw 
materials  and  the  processes  of  manufacture  of  Portland  cement 
is  taken  largely  from  the  report  of  Mr.  E.  C.  Eckel,  on  Cement 
Materials  of  Iowa,  Iowa  Geological  Survey,  Volume  XV.  Ac- 
cording to  Eckel's  grouping,  the  so-called  Complex  Cements 
only,  are  considered  in  this  chapter.  In  order  to  indicate  the 
relation  existing  between  Portland  and  other  complex  cementing 
materials,  a  brief  presentation  is  given  of  the  characteristics  of 
the  more  commonly  used  silicate  cements. 

COMPLEX  CEMENTS. 

The  cementing  materials  grouped  here  as  Silicate  or  Hydraulic 
Cements  include  all  those  materials  whose  setting  properties  are 
due  to  the  formation  of  new  compounds,  during  manufacture 
or  use,  and  not  to  the  mere  reassumption  of  the  original  com- 
position of  the  material  from  which  the  cement  was  nmde.  These 
new  compounds  may  be  formed  either  by  chemical  change  during 
manufacture  or  by  chemical  interaction,  in  use,  of  materials, 
which  have  merely  been  mechanically  mixed  during  manufacture. 

In  the  class  of  silicate  cements  are  included  all  the  materials 

■ 

commonly  known  as  cements  by  the  engineer  (natural  cements, 
Portland  cement,  pozzuolanic  cements),  together  with  the  hy- 
draulic limes. 

Though  differing  widely  in  raw  material,  methods  of  manu- 
facture and  properties,  the  silicate  cements  agree  in  two  prom- 
inent features;  they  are  all  hydraulic  (though  in  very  different 
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degree) ;  and  this  property  of  hydraulicity  is,  in  all,  due  largely 
or  entirely  to  the  formation  of  tri-caleic  silicate  (3CaO.Si02). 
Other  silicates  of  lime  as  well  as  silico-aluminates,  may  also  be 
formed;  but  they  are  relatively  unimportant,  except  in  certain 
of  the  natural  cements  and  hydraulic  limes  where  the  lime-alum- 
inates  may  be  of  greater  importance  than  is  here  indicated. 
This  will  be  recurred  to  in  discussing  the  groups  named. 

The  silicate  cements  are  divisible,  on  technologic  grounds, 
into  four  distinct  classes.  The  basis  for  this  division  is  given 
below.  It  will  be  seen  that  the  first  named  of  these  classes  (the 
pozzuolanic  cements)  differs  from  the  other  three  very  mark- 
edly, inasmuch  as  its  raw  materials  are  not  calcined  after  mix- 
ture; while  in  the  last  three  classes  the  raw  materials  are  in- 
variably calcined  after  mixture.  The  four  classes  differ  some- 
what in  composition  but  more  markedly  in  methods  of  manu- 
facture and  in  the  properties  of  the  finished  cements. 

CLASSES  OF  SILICATE   CEMENTS. 

1.  Pozzuolanic  or  Puzzolan  Cements;  produced  by  the  me- 
chanical mixture,  without  calcination,  of  slaked  lime  and  a  silico- 
aluminous  material  (the  latter  being  usually  a  volcanic  ash  or 
blast-furnace  slag). 

2.  Hydraulic  Limes;  produced  by  the  calcination,  at  a  tem- 
perature not  much  higher  than  that  of  decarbonation,  of  a 
siliceous  limestone  so  high  in  lime  carbonate  that  a  considerable 
amount  of  free  lime  appears  in  the  finished  product.  See  Chap- 
ter II. 

3.  Natural  Cements;  produced  by  the  calcination,  at  a  tem- 
perature between  those  of  decarbonation  and  clinkering,  of  a 
siliceous  limestone  (which  may  also  carry  notable  amounts  of 
alumina  and  of  magnesium  carbonate)  in  which  the  lime  carbon- 
ate is  so  low,  relative  to  the  silica  and  alumina,  that  little  or  no 
free  lime  appears  in  the  cement. 

4.  Portland  Cements;  produced  by  the  calcination,  at  the  tem- 
perature of  semi-vitref action  (''clinkering")  of  an  artificial 
mixture  of  calcareous  with  silico-aluminous  materials,  in  the 
proportion  of  about  three  parts  of  lime  carbonate  to  one  part 
of  clayey  material. 
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NATURAL  CEMENTS. 

Natural  cements  are  produced  by  burning  a  naturally  impure 
limestone,  containing  from  fifteen  to  forty  per  cent  of  silica, 
alumina,  and  iron  oxide.  This  burning  takes  place  at  a  compara- 
tively low  temperature,  about  that  of  ordinary  lime  burning. 
The  operation  can  therefore  be  carried  on  in  a  kiln  closely  re- 
sembling an  ordinary  lime  kiln.  During  the  burning  the  carbon 
dioxide  of  the  limestone  is  almost  entirely  driven  off,  and  the 
lime  combines  with  the  silica,  alumina  and  iron  oxide,  forming 
a  mass  containing  silicates,  aluminates,  and  f  errites  of  lime.  In 
case  the  original  limestone  contained  much  magnesium  carbonate, 
the  burned  rock  will  also  contain  a  corresponding  amount  of 
magnesia. 

After  burning,  the  burned  mass  will  not  slake  if  water  be 
added.  It  is  necessary,  therefore,  to  grind  it  quite  finely.  After 
grinding,  if  the  resulting  powder  (natural  cement)  be  mixed 
with  water  it  will  harden  rapidly.  This  hardening  or  setting 
wUl  also  take  place  under  water.  The  natural  cements  differ 
from  ordinary  limes  in  two  noticeable  ways : 

(1)  The  burned  mass  does  not  slake  on  the  addition  of  water. 

(2)  After  grinding,  the  powder  has  hydraulic  properties,  i.  e., 
if  properly  prepared,  it  will  set  under  water. 

Natural  cements  are  quite  closely  related  to  both  hydraulic 
limes  on  the  one  hand,  and  Portland  cement  on  the  other,  agree- 
ing with  both  in  the  possession  of  hydraulic  properties.  They 
differ  from  hydraulic  limes,  however,  in  that  the  burned  natural 
cement  rock  will  not  slake  when  water  is  poured  on  it. 

The  natural  cements  differ  from  Portland  cements  in  the  fol- 
lowing important  particulars.: 

(1)  Natural  cements  are  not  made  by  burning  carefully  pre- 
pared and  finely  ground  artificial  mixtures,  but  by  burning 
masses  of  natural  rock. 

(2)  Natural  cements,  after  burning  and  grinding,  are  usually 
yellow  to  brown  in  color  and  light  in  weight,  their  specific 
gravity  being  about  2.7  to  2.9;  while  Portland  cement  is  com- 
monly blue  to  gray  in  color  and  heavier,  its  specific  gravity 
ranging  from  3.0  to  3.2. 
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(3)  Natural  cements  are  always  burned  at  a  lower  temper- 
ature than  Portland,  and  commonly  at  a  much  lower  temper- 
ature, the  mass  of  rock  in  the  kiln  never  being  heated  high 
enough  to  even  approach  the  fusing  or  clinkering  point. 

(4)  In  use,  natural  cements  set  more  rapidly  than  Portland 
cement,  but  do  not  attain  such  a  high  ultimate  strength. 

(5)  In  composition,  while  Portland  cement  is  a  definite  prod- 
uct whose  percentages  of  lime,  silica,  alumina  and  iron  oxide 
vary  only  between  narrow  limits,  various  brands  of  natural 
cements  will  show  very  great  differences  in  composition. 

The  material  utilized  for  natural  cement  manufacture  is  in- 
variably a  clayey  limestone,  carrying  from  13  to  35  per  cent  of 
clayey  material,  of  which  10  to  22  per  cent  or  so  is  silica,  while 
alumina  and  iron  oxide  together  may  vary  from  4  to  16  per  cent* 
It  is  the  presence  of  these  clayey  materials  which  gives  the  re- 
sulting cement  its  hydraulic  properties.  Stress  is  often  care- 
lessly or  ignorantly  laid  on  the  fact  that  many  of  our  best  known 
natural  cements  carry  large  percentages  of  magnesia,  but  it 
should,  ait  this  date,  be  realized  that  magnesia  {in  natural 
cements  at  least)  may  be  regarded  as  being  almost  exactly  inter- 
changeable with  lime,  so  far  as  the  hydraulic  properties  of  the 
product  are  concerned.  The  presence  of  magnesium  carbonate 
in  a  natural  cement  rock  is  then  merely  incidental,  while  the 
silica,  alumina,  and  iron  oxide  are  essential.  The  thirty  per 
cent  ;r  so  of  magnesimn  carbonate  which  occurs  in  the  cement 
rock  of  the  Eosendale  district,  N.  Y.,  could  be  replaced  by  an 
equal  amount  of  lime  carbonate,  and  the  burnt  stone  would 
still  give  a  hydraulic  product.  If,  however,  the  clayey  portion 
(silica,  alumina,  and  iron  oxide)  of  the  Rosendale  rock  could  be 
removed,  leaving  only  the  magnesium  and  lime  carbonates,  the 
burnt  rock  would  lose  all  of  its  hydraulic  properties  and  would 
yield  simply  a  magnesian  lime. 

This  point  has  been  emphasized  because  many  writers  on  the 
subject  have  either  explicitly  stated  or  implied  that  it  is  the 
magnesium  carbonate  of  the  Eosendale,  Akron,  Louisville,  Utica 
and  Milwaukee  rocks  that  causes  them  to  yield  a  natural  cement 
on  burning. 


PUZZOLAN  CEMENTS.  37 

PORTLAND  CEMENT. 

Portland  cement  is  produced  by  burning  a  finely  ground,  arti- 
ficial mixture  containing  essentially  lime,  silica,  alumina,  and 
iron  oxide,  in  certain  definite  proportions.  Usually  this  com- 
bination is  made  by  mixing  limestone  or  marl  with  clay  or  shale, 
in  which  case  about  three  times  as  much  of  the  lime  carbonate 
should  be  present  in  the  mixture  as  of  the  clay  materials.  The 
burning  takes  place  at  a  high  temperature,  approaching  3,000* 
F.,  and  must  therefore  be  carried  on  in  kilns  of  special  design 
and  lining.  During  the  burning,  combination  of  the  lime  with 
silica,  alumina,  and  iron  oxide  takes  place.  The  product  of  the 
burning  is  a  semi-fused  mass  called  clinker,  and  consists  of 
silicates,  aluminates  and  ferrites  of  lime  in  certain  definite  pro- 
portions. This  clinker  must  be  finely  ground.  After  such 
grinding  the  powder  (Portland  cement)  will  set  under  water. 

As  noted  above,  under  the  head  of  Natural  Cements,  Portland 
cement  is  blue  to  gray  in  color,  with  a  specific  gravity  of  3.0  to 
3.2,  and  sets  more  slowly  than  natural  cements,  but  soon  attains 
a  higher  tensile  strength. 

PUZZOLAN   CEMENTS. 

The  cementing  materials  included  under  this  name  are  made 
by  mixing  powdered  slaked  lime  with  either  a  volcanic  ash  or 
a  blast-furnace  slag.  The  product  is  therefore  simply  a  mechan- 
ical mixture  of  two  ingredients,  as  the  mixture  is  not  burned  at 
any  stage  of  the  process.  After  mixing,  the  mixture  is  finely 
ground.  The  resulting  powder  (Puzzolan  cement)  will  set  under 
water. 

Puzzolan  cements  are  usually  light  bluish  in  color,  and  of  lower 
specific  gravity  and  less  tensile  strength  than  Portland  cement. 
They  are  better  adapted  to  use  under  water  than  to  use  in  air. 
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PORTLAND  CEtMENT. 


DEFINITION. 

In  the  following  section  various  possible  raw  materials  for 
Portland  ceirient  manufacture  will  be  taken  up,  and  their  relative 
suitability  for  such  use  will  be  discussed.  In  order  that  the 
statements  there  made  may  be  clearly  understood  it  will  be 
necessary  to  preface  this  discussion  by  a  brief  explanation  re- 
garding the  composition  and  constitution  of  Portland  cement. 

Use  of  term  Portland, — While  there  is  a  general  agreement 
of  opinion  as  to  what  is  understood  by  the  term  Portland  cement, 
a  few  points  of  importance  are  still  open  questions.  The  defini- 
tions of  the  term  given  in  specifications  are  in  consequence  often 
vague  and  unsatisfactory. 

It  is  agreed  that  the  cement  mixture  must  consist  essentially 
of  lime,  silica  and  alumina  in  proportions  which  can  vary  but 
slightly ;  and  that  this  mixture  must  be  burned  at  a  temperature 
which  will  give  a  semi-fused  product — a  ''clinker.''  These 
points  must  therefore  be  included  in  any  satisfactory  definition. 
The  point  regarding  which  there  is  a  difference  of  opinion  is 
whether  or  not  cements  made  by  burning  a  natural  rock  can  be 
considered  true  Portlands.  The  question  as  to  whether  the 
definition  of  Portland  cement  should  be  drawn  so  as  to  include 
or  exclude  such  products  is  evidently  largely  a  matter  of  con- 
vention; but,  unlike  most  conventional  issues,  the  decision  has 
very  important  practical  consequences.  The  question  at  issue 
may  be  stated  as  follows : 

If  we  make  artificial  mixture  of  the  raw  materials  and  a  very 
high  degree  of  burning  the  criteria  on  which  to  base  our  defini- 
tion, we  must  in  consequence  of  that  decision  exclude  from  the 
class  of  Portland  cements  certain  well  known  products  manu- 
factured at  several  points  in  France  and  Belgium,  by  burning  a 
natural  rock,  without  artificial  mixture,  and  at  a  considerably 
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lower  temperature  than  is  attained  in  ordinary  Portland  cement 
practice.  These  ** natural  Portlands''  of  France  and  Belgium 
have  always  been  considered  Portland  cements  by  the  moet 
critical  authorities,  though  all  agree  that  they  are  not  particu- 
larly high  grade  Portlands.  So  that  a  definition,  based  upon  the 
criteria  above  named,  will  of  necessity  exclude  from  our  class 
of  Portland  cements  some  very  meritorious  products. 

There  is  no  doubt  that  in  theory  a  rock  could  occur,  contain- 
ing lime,  silica  and  alumina  in  such  correct  proportions  as  to 
give  a  good  Portland  cement  on  burning.  Actually,  however, 
such  a  perfect  cement  rock  is  of  extremely  rare  occurrence.  As 
above  stated,  certain  brands  of  French  and  Belgian  ''Portland'' 
cements  are  made  from  such  natural  rocks,  without  the  addi- 
tion of  any  other  material;  but  these  brands  are  not  particu- 
larly high  grade,  and  in  the  better  Belgian  cements  the  compo- 
sition is  corrected  bv  the  addition  of  other  materials  to  the 
cement  rock,  before  burning. 

The  following  definition  of  Portland  cement  is  of  importance 
because  of  the  large  amount  of  cement  which  will  be  accepted 
annually  under  the  specifications*  in  which  it  occurs.  It  is  also 
of  interest  as  being  the  nearest  approach  to  an  official  govern- 
ment definition  of  the  material  that  we  have  in  this  country. 

**  By  a  Portland  cement  is  meant  the  product  obtained  from  the  heating  or 
calcining  up  to  incipient  fusion  of  intimate  mixtures,  either  natural  or  artificial,  of 
argillaceous  with  calcareous  substances,  the  calcined  product  to  contain  at  least 
1.7  times  as  much  of  lime,  by  weight,  as  of  the  materials  which  give  the  lime  its 
hydraulic  properties,  and  to  be  finely  pulverized  after  said  calcination,  and  there- 
after additions  or  substitutions  for  the  purpose  only  of  regulating  certain  properties 
of  technical  importance  to  be  allowable  to  not  exceeding  2  per  cent  of  the  calcined 
product." 

It  will  be  noted  that  this  definition  does  not  require  pulver- 
izing or  artificial  mixing  of  the  materials  prior  to  burning.  It 
seems  probable  that  the  Belgian  '* natural  Portlands''  were  kept 
in  mind  when  these  requirements  were  omitted.  In  dealing 
with  American  made  cements,  however,  and  the  specifications 
in  question  are  headed,  ^'Specifications  for  American  Portland 
cement,"  it  is  a  serious  error  to  omit  these  requirements.  No 
true  Portland  cements  are  at  present  manufactured  in  America 
from  natural  mixtures,  without  pulverizing  and  artificially  mix- 

*  Professional  paper  No.  28,  Corps  of  Engineers,  U.  S.  A. ,  p.  30. 
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ing  the  materials  prior  to  burning.  Several  plants,  however, 
have  placed  on  the  market  so-called  Portland  cements  made  by 
grinding  up  together  the  underburned  and  overburned  materials 
formed  during  the  burning  of  natural  cements.  Several  of 
these  brands  contain  from  5*  to  15  per  cent  of  magnesia,  and 
under  no  circumstances  can  they  be  considered  true  Portland 
cements. 

In  view  of  the  conditions  above  noted,  the  writer  believes 
that  the  following  definition  will  be  found  more  satisfactory 
than  the  one  above  quoted. 

Definition  of  Portland  Cement. — Portland  cement  is  an  arti- 
^cial  product  obtained  by  finely  pulverizing  the  clinker  pro- 
duced by  burning  to  semi-fusion  an  intimate  mixture  of  finely 
ground  calcareous  and  argillaceous  material,  this  mixture  con- 
sisting approximately  of  one  part  of  silica  and  alumina  to  three 
parts  of  carbonate  of  lime  (or  an  equivalent  amount  of  lime 
oxide). 

COMPOSITION  AND  CONSTITUTION. 

Portland  cements  may  be  said  to  tend  toward  a  composition 
approximating  to  pure  tri-calcic  silicate  (3CaO.  SiOz)  which 
would  correspond  to  the  proportion  CaO  73.6  per  cent,  SiOz  26.4 
per  cent.  As  can  be  seen,  however,  from  the  analyses  quoted 
later,  actual  Portland  cements  as  at  present  made  differ  in  com- 
position somewhat  markedly  from  this.  Alumina  is  always 
present  in  considerable  quantity,  forming  with  part  of  the  lime, 
the  dicalcic  aluminate  (20aO.  AI2O3).  This  would  give,  as  stated 
by  Newberry,  for  the  general  formula  of  a  pure  Portland — 

x(3CaO.  Si02)+y(2CaO.  AI3O3). 

But  the  composition  is  still  further  complicated  by  the  pres- 
ence of  accidental  impurities,  or  intentionally  added  ingredients. 
These  last  may  be  simply  adulterants,  or  they  may  be  added  to 
serve  some  useful  purpose.  Calcium  sulphate  is  a  type  of  the  lat- 
ter class.  It  serves  to  retard  the  set  of  the  cement,  and,  in 
small  quantities,  appears  to  have  no  injurious  effect  which 
would  prohibit  its  use  for  this  purpose.  In  dome  kilns,  sufficient 
sulphur  trioxide  is  generally  taken  up  by  the  cement  from  the 
fuel  gases  to  obviate  the  necessity  for  the  later  addition  of  cal- 
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cium  sulphate,  but  in  the  rotary  kiln  its  addition  to  the  ground 
cement,  in  the  form  of  either  powdered  gypsum  or  plaster  of 
Paris,  is  a  necessity. 

Iron  oxide,  within  reasonable  limits,  seems  to  act  as  a  substi- 
tute for  alumina,  and  the  two  may  be  calculated  together.  Mag- 
nesium carbonate  is  rarely  entirely  absent  from  limestone  or 
clays,  and  magnesia  is  therefore  almost  invariably  present  in  the 
finished  cement.  Though  magnesia,  when  magnesium  carbonate 
is  burned  at  low  temperature,  is  an  active  hydraulic  material, 
it  does  not  combine  with  silica  or  alumina  at  the  clinkering  heat 
employed  in  Portland  cement  manufacture.  At  the  best  it  is  an 
inert  and  valueless  constituent  in  the  cement;  many  regard  it 
as  positively  detrimental  in  even  small  amounts,  and  because  of 
this  feeling  manufcturers  prefer  to  carry  it  as  low  as  possible. 
Newberry  has  stated  that  in  amounts  of  less  than  three  and  one- 
half  per  cent  it  is  harmless,  and  American  Portlands  from  the 
Lehigh  district  usually  reach  well  up  toward  that  limit.  In 
European  practice  it  is  carried  somewhat  lower. 

Raw  Materials. 

GENERAL  CONSIDERATIONS. 

For  the  purpose  of  the  present  chapter  it  will  be  sufficiently 
accurate  to  consider  that  a  Portland  cement  mixture,  when 
ready  for  burning,  will  consist  of  about  seventy-five  per  cent  of 
lime  carbonate  (CaCOs)  and  twenty  per  cent  of  silica  (SiOa), 
alumina  (AI2O3)  and  iron  oxide  (FcaOs)  together,  the  remain- 
ing five  per  cent  including  any  magnesium  carbonate,  sulphur 
and  alkalies  that  may  be  present. 

The  essential  elements  which  enter  into  this  mixture,  lime, 
silica,  alumina  and  iron,  are  all  abundantly  and  widely  distrib- 
uted in  nature,  occurring  in  different  forms  in  many  kinds  of 
rocks.  It  can  therefore  readily  be  seen  that,  theoretically,  a 
satisfactory  Portland  cement  mixture  could  be  prepared  by  com- 
bining, in  an  almosrt  infinite  number  of  ways  and  proportions, 
many  possible  raw  materials.  Obviously,  too,  we  might  expect 
to  find  perfect  gradations  in  the  artificialness  of  the  mixture, 
varying  from  one  extreme  where  a  natural  rock  of  absolutely 
correct  composition  was  used  to  the  other  extreme  where  two 


42  MATERIALS  AND  MANUFACTURE  OF  PORTLAND  CEMENT. 

or  more  materials,  in  nearly  equal  amounts,  are  required  to 
make  a  mixture  of  correct  composition. 

The  almost  infinite  number  of  raw  materials  which  are  theo- 
retically available  are,  however,  reduced  to  a  very  few  in  prac- 
tice Under  existing  commercial  conditions.  The  necessity  for 
making  the  mixture  as  cheaply  as  possible  rules  out  of  considera- 
tion a  large  number  of  materials  which  would  be  considered 
available  if  chemical  composition  was  the  only  thing  to  be  taken 
into  account.  Some  materials  otherwise  suitable  are  too  scarce ; 
some  are  too  difficult  to  pulverize.  In  consequence,  a  compara- 
tively few  combinations  of  raw  material  are  actually  used  in 
practice. 

In  certain  localities  deposits  of  argillaceous  (clayey)  limestone 
or  ** cement  rock''  occur,  in  which  the  lime,  silica,  alumina 
and  iron  oxide  exist  in  so  nearly  the  proper  proportions  that 
only  a  relatively  small  amount  (about  ten  per  cent  or  so)  of  other 
material  is  required  in  order  to  make  a  mixture  of  correct  com- 
position. ' 

In  the  majority  of  plants,  however,  most  or  all  of  the  neces- 
sary lime  is  furnished  by  one  raw  material,  while  the  silica, 
alumina  and  iron  oxide  are  largely  or  entirely  derived  from 
another  raw  material.  The  raw  material  which  furnishes  the 
lime  is  usually  natural,  a  limestone,  chalk  or  marl,  but  occasion- 
ally an  artificial  product  is  used,  such  as  the  chemically  precipi- 
tated lime  carbonate  which  results  as  waste  from  alkali  manu-  ! 
facture.  The  silica,  alumina  and  iron  oxide  of  the  mixture  are 
usually  derived  from  clays,  shales  or  slates ;  but  in  a  few  plants 
blast-furnace  slag  is  used  as  the  silico-aluminous  ingredient  in 
the  manufacture  of  true  Portland  cement. 

The  various  combinations  of  raw  materials  which  are  at 
present  used  in  the  United  States  in  the  manufacture  of  Port- 
land cement  may  be  grouped  under  six  heads.  This  grouping 
is  as  follows: 

1.  Argillaceous  limestone  (cement  rock)  and  pure  limestone. 

2.  Pure  hard  limestone  and  clay  or  shale. 

3.  Soft  chalky  limestone  and  clay. 

4.  Marl  and  clay. 

5.  Alkali  waste  and  clay. 

6.  Slag  and  limestone.  " 


RAW  MATERIALS  ACTUALLY  IN  USE. 
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Raw  Materials  Actually  in  Use. 

ARGILLACEOUS  LIMESTONE:     CEMENT  ROCK. 

An  argillaceous  limestone  containing  approxima'tely  75  per 
cent  of  lime  carbonate  and  20  per  cent  of  clayey  materials  ( silica, 
alumina  and  iron  oxide)  would,  of  course,  be  the  ideal  material 
for  use  in  the  manufacture  of  Portland  cement,  as  such  a  rock 
would  contain  within  itself  in  the  proper  proportions  all  the 
ingredients  necessary  for  the  manufacture  of  a  good  Portland. 
It  would  require  the  addition  of  no  other  material,  but  when 
burnt  alone  would  give  a  good  cement.  This  ideal  cement  mate- 
rial is,  of  course,  never  realized  in  practice,  but  certain  deposits 
of  argillaceous  limestone  approach  the  ideal  composition  very 
closely. 

The  most  important  of  these  argillaceous  limestone  or  ''cement 
rock"  deposits  is,  at  present,  that  which  is  so  extensively  utilized 
in  Portland  cement  manufacture  in  the  ''Lehigh  district"  of 
Pennsylvania  and  New  Jersey.  This  area  still  furnishes  about 
two-thirds  of  all  the  Portland  cement  manufactured  in  the  United 
States. 

The  analyses  given  in  the  following  table  are  fairly  representa- 
tive of  the  materials  employed  in  the  Lehigh  district.  The  first 
four  analyses  are  of  "cement  rock";  the  last  two  are  of  the 
purer  limestone  used  for  mixing  with  it. 


Analyses  of  Lehigh  district  cement   materials. 


Cement  rock 


Limestone 


Silica   (SiO.) 

Alumina  (AUOa) 

Iron  oxide  (FejOa) 

Lime  carbonate  (CaCOs) 

Magnesium  carbonate  (MgCOa) 


10.02 
6.26 

78!66 
4.71 


9.52 
4.72 

80*.  7i 
4.92 


14.52 
6.52 

73.52 
4.69 


16.10 
2.20 

76!23 
3.54 


3.02 
1.90 

92!65 
3.04 


1.98 
0.70 

95*.  i9 
2.03 


••CEMENT  ROCK*»  IN  OTHER  PARTS  OF  THE  UNITED   STATES. 

Certain  Portland  cement  plants,  particularly  in  the  western 
United  States,  are  using  combinations  of  materials  closely  sim- 
ilar to  those  in  the  Lehigh  district.  Analyses  of  the  materials 
used  at  several  of  these  plants  are  given  in  the  following  table : 
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Analyses  of  ** cement  rock*^  and  limestone  from  the  western  United  States. 


SUica  (SiO.) 

Alumina  (AUO^) 

Iron  oxide  (Fe,0») 

Lime  carbonate  (CaCOg) 

Magnesiam  carbonate  (MgCOa) 


UUh 


M 


a 

S 

« 


21.2 
8.0 

62!68 
3.8 


California 


Colorado 


d 
S 

a 


M 


a 
o 

a 
« 


6.8 
3.0 

89!8' 
0.76 


20.06 
10.07 

3.39 
63.40 

1.54 


f 

a 


7.12 
2.36 
1.16 
87.70 
0.84 


M 


a 

o 

a 
5 


14.20 
5.21 
1.73 

75.10 
1.10 


a 
B 
S 

a 


.88.0 


PURE  HARD  LIMESTONES. 


A  series  of  analyses  of  representative  pure  hard  limestones, 
together  with  analyses  of  the  clays  or  shales  with  which  they 
are  mixed,  is  given  below: 


Analyses  of  pure  hard  limestones  and  clayey  materials. 


Limestones 


Clays  and  shales 


Silica  (SiO.) i  1.72 

Alumina  (Al.O,) I  1.63 


Iron  oxide  (Fe,Oa) |  6.69 

Lime  carbonate  (CaCOs) 190.58 

Magnesium  carbonate  (MgCOs) . .  i 


0.86 
0.63 

1.03 
97.06 


0.56 
1.23| 

0.29J 
97.23 
0.76 


0.40 

0.44 

97.99 
0.42 


63.56 

27.32 

3.60 
2.60 


55.80 

30.20 

2.54 


56.30     60.00 
f23.26 
29.86N 

1  i   4.32 

'       1.70 

1.50 


The  first  limestone  analysis  given  in  the  above  table  represents 
a  curious  type,  used  in  several  plants  in  the  Middle  West.  As 
will  be  noted,  it  is  a  relatively  impure  limestone,  but  its  prin- 
cipal impurity  is  iron  oxide.  It  contains  8.22  per  cent  of  iron 
oxide  and  alumina,  as  compared  with  1.72  per  cent  of  silica ;  and 
therefore  demands  great  care  in  the  selection  of  a  suitable  high- 
silica  clay  to  mix  with  it. 

SOFT  LIMESTONE:  CHALK. 

ORIGIN  AND  GENERAL  CHARACTER. 

Chalk,  properly  speaking,  is  a  pure  carbonate  of  lime,  com- 
posed of  the  remains  of  the  shells  of  minute  organisms,  among 
which  those  of  foraminifera  are  especially    prominent.      The 


FRESH  WATER  MARLS. 
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chalks  and  soft  limestones  discussed  here  agree,  not  only  in  hav- 
ing usually  originated  in  this  way,  but  also  in  being  rather  soft 
and  therefore  readily  and  cheaply  crushed  and  pulverized.  As 
Portland  cement  materials  they  are,  therefore,  almost  ideal.  One 
defect,  however,  which  to  a  small  extent  counterbalances  their 
obvious  advantages  is  the  fact  that  most  of  these  soft,  chalky 
limestones  absorb  water  quite  readily.  A  chalky  limestone 
which  in  a  dry  season  will  not  carry  over  two  per  cent  of  moist- 
ure as  quarried,  may  in  consequence  of  prolonged  wet  weather 
show  as  high  as  fifteen  or  twenty  per  cent  of  water.  This  dif- 
ficulty can  of  course  be  avoided  if  care  be  taken  in  quarrying 
to  avoid  unnecessary  exposure  to  water  and,  if  necessary,  to 
provide  facilities  for  storing  a  supply  of  the  raw  materials  dur- 
ing wet  seasons. 

COMPOSITION. 

In  composition  these  chalks,  or  '* rotten  limestones,^'  vary 
from  a  rather  pure  calcium  carbonate,  low  in  both  magnesia 
and  clayey  materials  to  an  impure  clayey  limestone,  requiring 
little  additional  clay  to  make  it  fit  for  use  in  Portland  cement 
manufacture.  Analyses  quoted  from  various  authors  of  a  num- 
ber of  these  chalky  limestones  are  given  in  the  table  below,  and 
will  serve  to  show  their  range  of  composition. 

Analyses  of  chalky  limestones. 


Silica  (SiO.) 

Alumina  ( AUOs) 

Iron  oxide  (FegOa) 

Lime  carbonate  (CaCOa) 

Magnesium  carbon.  (MgCOg).. 


12.13 

4.17) 

3.28/ 

75.07     i  90.16 

.92  .58 


5.77 
2.14 


23.55 

7.97 

8.20 

1.50 

1.09 

7.07 

70.21 

.58 

88.64 
.73 

83.59 
n.  d. 

{ 


9.15 
4.80 
2.30 
(J3.75 
1.25 


FRESH  WATER  MARLS. 


Marls,  in  the  sense  in  which  the  term  is  used  in  the  Portland 
cement  industry,  are  incoherent  limestones  which  have  been 
deposited  in  the  basins  of  existing  or  extinct  lakes.    So  far  as 
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chemical  composition  is  concerned,  marls  are  practically  pure 
limestones,  being  composed  almost  entirely  of  calcium  carbonate. 
Physically,  however,  they  differ  greatly  from  the  compact  rocks 
which  are  commonly  described  as  limestones,  for  the  marls  are 
granular,  incoherent  deposits.  This  curious  physical  character 
of  marls  is  due  to  the  conditions  under  which  they  have  been 
deposited,  and  varies  somewhat  according  to  the  particular  con- 
ditions which  governed  their  deposition  in  different  localities. 


COMPOSITION. 


As  shown  by  the  analyses  below,  marls  are  usually  very  pure 
lime  carbonates.  They  therefore  require  the  addition  of  consid- 
erable clay  to  bring  them  up  to  the  proper  composition  for  a 
Portland  cement  mixture. 

The  marls  are  readily  excavated,  but  necessarily  carry  a 
large  percentage  of  water.  The  mixture,  on  this  account,  is 
commonly  made  in  the  wet  way,  which  necessitates  driving  off 
a  high  percentage  of  water  in  the  kilns.  Analyses  of  typical 
marls  and  clays  are  given  in  the  following  tables : 

Analyses  of  marls  and  clays  used  in  cement  plants. 


Marl 


Clay 


Silica  (SiO.) 

Alumina  AUOs) 

Iron  oxide  (Fe.O,) 

Lime  carbonate  (CaCOs) 

Magnesium  carbon.  (MgCOs) 


} 


0.25 

.10 

94.39 
.38 


3.0 


93.0 
1.6 


1.60 

1.55 

88.9 
.94 


40.48 

20.95 

25.80 
.99 


{ 


52.0 

17.0 

5.0 

20.0 


63.75 

16.40 

6.35 

4.0 

2.1 


ALKALI  WASTE. 

A  very  large  amount  of  waste  material  results  from  the  pro- 
cess used  at  alkali  works  in  the  manufacture  of  caustic  soda. 
This  waste  material  is  largely  a  precipitated  form  of  calcium 
carbonate,  and  if  it  is  suflSciently  free  from  impurities,  it  fur- 
nishes a  cheap  source  of  lime  for  use  in  Portland  cement  manu- 
facture. 

The  availability  of  alkali  waste  for  this  purpose  depends 
largely  on  what  process  was  used  at  the  alkali  plant.  Leblanc 
process  waste,  for  example,  carries  a  very  large  percentage  of 
sulphides,  which  prevents  its  use  as  a  Portland  cement  material. 


BLAST  FURNACE  SLAG. 
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Waste  resulting  from  the  use  of  the  ammonia  process,  on  the 
other  hand,  is  usually  a  very  pure  mass  of  lime,  mostly  in  the 
form  of  carbonate,  though  a  little  lime  hydrate  is  commonly 
present.  As  pyrite  is  not  used  in  the  ammonia  process,  its 
waste  is  usually  low  enough  in  sulphur  to  be  used  as  a  cement 
material.  The  waste  may  carry  a  low  or  a  very  high  percentage 
of  magnesia,  according  to  the  character  of  the  limestone  that 
has  been  used  in  the  alkali  plant.  When  a  limestone  low  in 
magnesium  carbonate  has  been  used,  the  resulting  waste  is  a 
very  satisfactory  Portland  cement  material. 

The  following  analyses  are  fairly  representative  of  the  waste 
obtained  at  alkali  plants  using  the  ammonia  process : 

Analyses  of  alkali  waste. 


SiUca  (SiO.) 

Alumina  ( AltOa) 

Iron  oxide  (FeaOa) 

Lime  (CaO) , 

Magnesia  (MgO) , 

Alkalies  (Na,0,  K,0)  .... 
Sulphur  trioxide  (SOs)  .. 

Sulphur  (8) 

Carbon  dioxide  (CO a)  . . . 
Water  and  organic  matter 


0.60 

1.75 

1.98 

}     3.04 

0.61 

1.41 
1.38 

53.33 

50.60 

48.29 

0.48 

5.35 

1.51 

0.20 

0.64 

0.64 

n.  d. 

n.  d. 

1.26 

n.  d. 

0.10 

n.  d. 

42.43 
n.  d. 

I   41.70 

39.60 
3.80 

} 


0.98 

1.62 

50.40 
4.97 
0.50 

n.  d. 
0.06 

n.  d. 

n.  d. 


Of  the  analyses  quoted  in  the  preceding  table,  those  in  the 
first  and  third  columns  represent  materials  which  are  actually 
used  in  Portland  cement  manufacture  in  England  and  the  United 
States.  The  alkali  wastes  whose  analyses  are  given  in  the 
second  and  fourth  columns  are  notably  too  high  in  magnesia  to 
be  advisable  for  such  use. 


BLAST  FURNACE  SLAG. 

True  Portland  cements,  which  must  be  sharply  distinguished 
from  slag  (or  puzzolan)  cements,  can  be  made  from  mixtures 
which  contain  blast  furnace  slag  as  one  ingredient.  In  this  case 
the  slag  is  intimately  mixed  with  limestone  and  the  mixture  is 
finely  powdered.  It  is  then  burned  in  kilns  and  the  resulting 
clinker  pulverized. 
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The  slags  from  iron  furnaces  consist  essentially  of  lime  (CaO), 
silica  (Si02)  and  alumina  (AU  Os),  though  small  percentages  of 
iron  oxide  (FeO),  magnesia  (MgO)  and  sulphur  (S),  are  com- 
monly pr€tsent.  Slag  may,  therefore,  be  regarded  as  a  very  im- 
pure limestone  or  a  very  calcareous  clay,  from  which  the  carbon 
dioxide  has  been  driven  off.  Two  plants  in  the  United  States 
are  at  present  engaged  in  the  manufacture  of  true  Portland 
cement  from  slag. 

The  slag  used  at  a  German  Portland  cement  plant  has  the 
following  range  in  composition : 

Composition  of  slag  used  in  Portland  cement  mxtnufacture. 

Silica  (SiOa) 30.     to  35. 

Alumina  (AUO3) 10.      **  14. 

Iron  Oxide  (FeO) 0.2   **     1.2 

Lime  (CaO) 46.      **  49. 

Magnesia  (MgO)  0.5   **    3.6 

Sulphur  trioxide  (SOs) 0.2   **    0.6 

CLAYS  AND  SHALES. 

Clays  are  ultimately  derived  from  the  decay  of  older  rocks, 
the  finer  particles  resulting  from  this  decay  being  carried  off 
and  deposited  by  streams  along  the^r  channels,  in  lakes,  or  along 
parts  of  the  sea  coast  or  sea  bottom  as  beds  of  clay.  In  chemical 
composition  the  clays  are  composed  essentially  of  silica  and 
alumina,  though  iron  oxide  is  almost  invariably  present  in  more 
or  less  amount,  while  lime,  magnesia,  alkalies  and  sulphur  are 
of  frequent  occurrence,  though  usually  in  small  percentages. 

Shales  are  clays  which  have  become  hardened  by  pressure. 
The  so-called  ''fire  clays''  of  the  coal  measures  are  usually 
shales,  as  are  many  of  the  other  ' '  clays ' '  of  commerce. 

For  use  as  Portland  cement  materials  clays  or  shales  should 
be  as  free  as  possible  from  gravel  and  sand,  as  the  silica  present 
as  pebbles  or  grit  is  practically  inert  in  the  kiln  unless,  ground 
more  finely  than  is  economically  practicable.  In  composition 
they  should  not  carry  less  than  55  per  cent  of  silica,  and  pref- 
erably from  60  to  70  per  cent.  The  alumina  and  iron  oxide 
together  should  not  amount  to  more  than  one-half  the  percentage 
of  silica,  and  the  composition  will  usually  be  better  the  nearer 
the  ratio 

SiO 
AlzOs  +  FezOa  =  — Q-^  is  approached. 


SLATE. 
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Nodules  of  lime  carbonate,  gypsum  or  pyrite,  if  present  in 
any  quantity,  are  undesirable ;  though  the  lime  carbonate  is  not 
absolutely  injurious.  Magnesia  and  alkalies  should  be  low,  pref- 
erably not  above  three  per  cent. 

SLATE. 

Slate  is,  so  far  as  origin  is  concerned,  merely  a  form  of  shale^ 
in  which  a  fine,  even  and  parallel  cleavage  has  been  developed 
by  pressure.  In  composition,  therefore,  it  will  vary  exactly  as 
do  the  shales,  and  so  far  as  composition  alone  is  concerned, 
slate  would  not  be  worthy  of  more  attention,  as  a  Portland 
cement  material,  than  any  other  shale. 

Commercial  considerations  in  connection  with  the  slate  indus- 
try, however,  make  slate  a  very  important  possible  source  of 
cement  material.  Good  roofing  slate  is  a  relatively  scarce  mate- 
rial, and  commands  a  good  price  when  found.  In  the  preparation 
of  roofing  slate  for  the  market  so  much  material  is  lost  during 
sawing,  splitting,  etc.,  that  only  about  ten  to  twenty-five  per 
cent  of  the  amount  quarried  is  salable  as  slate.  The  remaining 
seventy-five  to  ninety  per  cent  is  of  no  service  to  the  slate  miner. 
It  is  sent  to  the  dump  heap  and  is  a  continual  source  of  trouble 
and  expense.  This  very  material,  however,  as  can  be  seen  from 
the  analyses  quoted  below,  is  often  admirable  for  use,  in  connec- 
tion with  limestone,  in  a  Portland  cement  mixture.  As  it  is  a 
waste  product,  it  could  be  obtained  very  cheaply  by  the  cement 
manufacturer. 

Composition  of  American  roofing  slates. 


Minimum 


Silica  (SiO.) l    68.62 

Alumina  ( AUO,) |    24.71 

Iron  oxides  (FeO,  Fe.Oa ) '    10.66 

Lime  (CaO)  '      5.23 

Magnesia  (MgO) 6.43 

Alkalies  (K,0,  Na.O) 8.68 

Ferrous  sulphide  (FeSg) I 

Carbon  dioxide  (uOg ) 

Water  of  combination 

Moisture,  below  110°C 


60.64 
18.05 
6.87 
1.54 
2.60 
4.74 
0.38 
1.47 
3.51 
0.62 


54.05 
9.77 
2.18 

O.U 
1.93 
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Factors  DetermlniofJ  the  Value  of   Deposits  of  Cement 

Materials. 

It  seems  desirable  to  give  a  somewhat  detailed  discussion 
of  the  factors  which  influence  the  value  of  limestone,  marl  or 
chalk  or  clay  for  Portland  cement  manufacture.  Determining  the 
possible  value,  for  Portland  cement  manufacture,  of  a  deposit 
of  raw  material  is  a  complex  problem,  since  the  value  depends 
upon  a  number  of  distinct  factors,  all  of  which  must  be  given 
due  consideration.    The  more  important  of  these  factors  are : 

(1)  Chemical  composition  of  the  material. 

(2)  Physical  character  of  the  material. 

(3)  Amount  of  material  available. 

(4)  Location  of  the  deposit  with  respect  to  transportation 
routes. 

(5)  Location  of  the  deposit  with  respect  to  fuel  supplies. 

(6)  Location  of  the  deposit  with  respect  to  markets. 

METHODS  AND  COST  OF  EXCAVATION  OF  RAW  MATERIALS. 

The  natural  raw  materials  used  at  present  in  Portland  cement 
manufacture  are  obtained  by  one  of  three  methods, — (a)  quar- 
rying, (b)  mining,  and  (c)  dredging.  When  the  cement  manu- 
facturer is  given  an  opportunity  to  choose  between  these  dif- 
ferent methods  of  excavation,  his  choice  will  depend  partly  on 
the  physical  character  of  the  material  to  be  excavated  and  partly 
on  the  topographic  and  geologic  conditions.  Usually,  however, 
there  is  no  opportunity  for  a  choice  of  methods,  for  in  any  given 
case  one  of  the  methods  will  be  so  evidently  the  only  possible 
mode  of  handling  the  material  as  to  leave  no  room  for  other 
considerations. 

The  three  different  methods  of  excavation  will  first  be  briefly 
considered,  after  which  the  cost  of  raw  materials  at  the  mill 
will  be  discussed. 

Quarrying. — In  the  following  pages  the  term  ''quarrying" 
will  be  used  to  cover  all  methods  of  obtaining  raw  materials 
from  open  excavations — quarries,  cuts  or  pits — ^whether  the 
material  excavated  be  a  limestone,  a  shale  or  a  clay.  Quarrying 
is  the  most  natural  and  common  method  of  excavating  the  raw 
materials  for  cement  manufacture.    If  marl,  which  is  usually 
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worked  by  dredging,  be  excluded  from  consideration,  it  is  prob- 
ably within  safe  limits  to  say  that  95  per  cent  of  the  raw  mate- 
rials used  at  American  Portland  cement  plants  are  obtained  by 
quarrying.  If  marls  be  included,  the  percentages  excavated  by 
the  different  methods  would  probably  be  about  as  follows: 
Quarrying,  88  per  cent;  dredging,  10  per  cent;  mining,  2  per 
cent. 

In  the  majority  of  limestone  quarries  the  material  is  blasted 
out  and  loaded  by  hand  on  cars  or  carts.  In  a  few  limestone 
quarries  a  steam  shovel  is  employed  to  do  the  loading,  and  in 
shale  quarries  this  use  of  the  steam  shovel  is  more  frequent. 
In  certain  clay  and  shale  pits,  where  the  materials  are  of  suitable 
character,  the  steam  shovel  does  all  the  work,  both  excavating 
and  loading  the  raw  materials. 

The  rock  is  usually  shipped  to  the  mill  as  quarried  without 
any  treatment  except  sledging  it  to  a  convenient  size  for  loading. 
At  a  few  quarries,  however,  a  crushing  plant  is  installed  at  the 
quariy,  and  the  rock  is  sent  as  crushed  stone  to  the  mill.  A  few 
plants  also  have  installed  their  driers  at  the  quarry,  and  dry 
the  stone  before  shipping  it  to  the  mill.  Except  the  saving  of 
mill  space  thus  attained,  this  practice  seems  to  have  little  to 
commend  it. 

Mining. — The  term  '^mining"  will  be  used,  in  distinction  from 
**  quarrying, "  to  cover  methods  of  obtaining  any  kind  of  raw 
material  by  underground  workings,  through  shafts  or  tunnels. 
Mining  is,  of  course,  rarely  employed  in  excavating  materials 
of  such  low  value  per  ton  as  the  raw  materials  for  Portland 
cement  manufacture.  Occasionally,  however,  when  a  thin  bed  of 
limestone  or  shale  is  being  worked,  its  dip  will  carry  it  under 
such  a  thickness  of  other  strata  as  to  make  mining  cheaper  than 
stripping  and  quarrying,  for  that  particular  case. 

Mining  is  considerably  more  expensive  work  than  quarrying 
but  there  are  a  few  advantages  about  it  that  serve  to  counter- 
balance the  greater  cost  per  ton  of  raw  material.  A  mine  can 
be  worked  steadily  and  economically  in  all  kinds  of  weather, 
while  an  open  cut  or  quarry  is  commonly  in  a  more  or  less  un- 
workable condition  for  about  three  months  of  the  year.  Mate- 
rial won  by  mining  is,  moreover,  always  dry  and  clean. 
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Dredging. — The  term  *' dredging"  will  be  here  used  to  cover 
all  methods  of  excavating  soft,  wet,  raw  materials.  The  fact 
that  the  materials  are  wet  implies  that  the  deposit  occurs  in  a 
basin  or  depression;  and  this  in  turn,  implies  that  the  mill  is 
probably  located  at  a  higher  elevation  than  the  deposit  of  raw 
material,  thus  necessitating  up-hill  transportation  to  the  mill. 

The  only  raw  material  for  Portland  cement  manufacture  that 
is  extensively  worked  by  dredging,  in  the  United  States,  is  marl. 
Occasionally  the  clay  used  is  obtained  from  deposits  overlain  by 
more  or  less  water;  but  this  is  rarely  done  except  where  the 
marl  and  clay  are  interbedded  or  associated  in  the  same  deposit. 

A  marl  deposit,  in  addition  to  containing  much  water  diffused 
throughout  its  mass,  is  usually  covered  by  a  more  or  less  con- 
siderable depth  of  water.  This  will  frequently  require  the  par- 
tial draining  of  the  basin  in  order  to  get  tracks  laid  near  enough 
to  be  of  service. 

In  dredging  marl  the  excavator  is  frequently  mounted  on  a 
barge,  which  floats  in  a  channel  resulting  from  previous  excava- 
tion. Occasionally,  in  deposits  which  either  were  originally 
covered  by  very  little  water  or  have  been  drained,  the  shovel  is 
mounted  on  a  car,  running  on  tracks  laid  along  the  edge  of  the 
deposit. 

The  material  brought  up  by  the  dredge  may  be  transported 
to  the  mill  in  two  different  ways,  the  choice  depending  largely 
upon  the  manufacturing  processes  in  use  at  the  plant.  At 
plants  using  dome  or  chamber  kilns,  or  where  the  marl  is  to  be 
dried  before  sending  to  the  kiln,  the  excavated  marl  is  usually 
loaded  by  the  shovel  on  cars,  and  hauled  to  the  mill  by  horse  or 
steam  power.  At  normal  marl  plants,  using  a  very  wet  mixture, 
it  is  probable  that  the  second  method  of  transportation  is  more 
economical.  This  consists  of  dumping  the  marl  from  the  excava- 
tor into  tanks,  adding  suflScient  water  to  make  it  flow  readily,  and 
pumping  the  fluid  mixture  to  the  mill  in  pipes. 

COST  OF  KAW  MATERIALS  AT  MILL. 

The  most  natural  way,  perhaps,  to  express  the  cost  of  the 
raw  materials  delivered  at  the  mill  would  be  to  state  it  as  being 
so  many  cents  per  ton  or  cubic  yard  of  raw  material,  and  this 
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is  the  method  followed  by  quarrymen  or  miners  in  general.  To 
the  cement  manufacturer,  however,  such  an  estimate  is  not  so 
suitable  as  one  based  on  the  cost  of  raw  materials  per  ton  or 
barrel  of  finished  cement. 

In  the  case  of  hard  and  comparatively  dry  limestones  or 
shales,  it  may  be  considered  that  the  raw  material  loses  33l^ 
per  cent  in  weight  on  burning.*  Converting  this  relation  into 
pounds  of  raw  material  and  of  clinker  we  find  that  600  pounds 
of  dry  raw  material  will  make  about  four  hundred  pounds  of 
clinker.  Allowing  something  for  other  losses  in  the  process  of 
manufacture,  it  is  convenient  and  sufficiently  accurate  to  esti- 
mate that  600  pounds  of  dry  raw  material  will  give  one  barrel 
of  finished  cement.  These  estimates  must  be  increased  if  the 
raw  materials  carry  any  appreciable  amount  of  water.  Clays 
will  frequently  contain  15  per  cent  or  more  of  water,  while  soft 
chalky  limestones,  if  quarried  during  wet  weather,  may  carry  as 
high  as  15  to  more  than  20  per  cent.  A  Portland  cement  mix- 
ture composed  of  a  pure  chalky  limestone  and  a  clay  might, 
therefore,  average  10  to  20  per  cent  of  water,  and  consequently 
about  seven  hundred  pounds  of  such  a  mixture  would  be  required 
to  make  one  barrel  of  finished  cement. 

With  marls  the  loss  on  drying  and  burning  is  much  greater. 
Russell  states*  that  according  to  determinations  made  by  E.  D. 
Campbell,  one  cubic  foot  of  marl,  as  it  usually  occurs  in  the 
normal  deposits,  contains  about  forty-seven  and  one-half  pounds 
of  lime  carbonate  and  forty-eight  pounds  of  water.  In  making 
cement  from  a  mixture  of  marl  and  clay,  therefore,  it  would  be 
necessary  to  figure  on  excavating  and  transporting  more  than 
one  thousand  pounds  of  raw  material  for  every  barrel  of  finished 
cement. 

From  the  preceding  notes  it  will  be  understood  that  the  cost 
of  raw  materials  at  the  mill,  per  barrel  of  cement,  will  vary  not 
only  with  the  cost  of  excavation  but  with  the  kind  of  materials 
in  use. 

In  dealing  with  hard,  dry  materials,  extracted  from  open  quar- 
ries near  the  mills,  the  co^t  of  mining  raw  materials  may  vary  be- 
tween eight  cents  and  fifteen  cents  per  barrel  of  cement.  The 
lower  figure  named  is  probably  about  the  lowest  attainable  with 

*22d  Ann.  Rept.  U.  S.  Geol.  Surv.,  pt.  8,  p.  657. 
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good  management  and  nnder  favorable  natural  conditions;  the 
higher  figure  is  probably  a  maximum  for  fairly  careful  manage- 
ment of  a  difficult  quarry  under  eastern  labor  conditions.  When 
it  is  necessary  to  mine  the  materials,  the  cost  will  be  somewhat 
increased.  Cement  rock  has  been  mined  at  a  cost  equivalent 
to  ten  cents  per  barrel  of  cement,  but  this  figure  is  attained  under 
particularly  favorable  conditions.  The  cost  of  mining  and  trans- 
portation may  reach  from  this  figure  up  to  twenty  cents  per 
barrel. 

With  regard  to  wet  marls  and  clays,  it  is  difficult  to  give  even 
an  approximate  estimate.  It  seems  probable,  however,  when 
the  dead  weight  handled  is  allowed  for,  that  these  soft  ma- 
terials will  cost  almost  as  much,  delivered  at  the  mill,  per  barrel 
of  finished  cement,  as  the  hard  dry  limestones  and  shales. 

Methods  of  Manufacture. 

If,  as  in  the  present  discussion,  we  exclude  from  consideration 
the  so-called  ** natural  Portlands,**  Portland  cement  may  be  re- 
garded as  being  an  artificial  product,  obtained  by  burning  to 
semi-fusion  an  intimate  mixture  of  pulverized  materials,  this 
mixture  containing  lime,  silica  and  alumina,  varying  in  propor- 
tion only  within  certain  narrow  limits ;  and  by  crushing  finely  the 
clinker  resulting  from  this  burning. 

If  this  restricted  definition  of  Portland  cement  be  accepted, 
four  points  may  be  regarded  as  being  of  cardinal  importance  in 
its  manufacture.    These  are : 

(1)  The  cement  mixture  must  be  of  the  proper  chemical  com- 
position. 

(2)  The  materials  of  which  it  is  composed  must  be  carefully 
ground  and  intimately  mixed  before  burning. 

(3)  The  mixture  must  be  burned  at  the  proper  temperature. 

(4)  After  burning,  the  resulting  clinker  must  be  finely 
ground. 

The  first  named  of  these  points,  the  chemical  composition  of 
the  mixture,  can  be  more  advantageously  discussed  after  the 
other  three  points  have  been  disposed  of.  The  subjects  will  there- 
fore be  taken  up  in  the  following  order : 

Preparation  of  the  mixture  for  the  kiln. 
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Burning  the  mixture. 

Grinding  the  clinker,  addition  of  gypsum,  etc. 

Composition  and  properties  of  Portland  cement. 

PREPARATION  OF  THE  MIXTURE  FOR  THE  KILN. 

The  preparation  of  the  mixture  for  the  kiln  involves  the  reduc- 
tion of  both  of  the  raw  materials  to  a  very  fine  powder,  and  their 
intimate  mixture.  In  practice  the  raw  materials  are  usually 
crushed  more  or  less  finely,  and  then  mixed,  after  which  the  final 
reduction  to  powder  takes  place.  Two  general  methods  of  treat- 
ment, the  dry  and  the  wet,  are  in  use  at  different  plants.  Unless 
the  limy  constituent  of  the  mixture  is  a  marl,  already  full  of 
water,  the  dry  method  is  almost  invariably  followed.  This  con- 
sists merely  in  keeping  the  materials  in  as  dry  a  condition  as 
possible  throughout  the  entire  process  of  crushing  and  mixing; 
and,  if  the  raw  materials  originally  contained  a  little  moisture, 
they  are  dried  before  being  powdered  and  mixed.  In  the  wet 
method,  on  the  other  hand,  the  materials  are  powdered  and 
mixed  while  in  a  very  fluid  state,  containing  sixty  per  cent  or 
more  of  water. 

Drying  the  raw  materials. — ^With  the  exception  of  the  marls 
and  clays  used  in  the  wet  method  of  manufacture,  Portland  ce- 
ment materials  are  usually  dried  before  grinding  is  commenced. 
This  is  necessary  because  the  raw  materials,  as  they  come  from 
the  quarry,  pit  or  mine,  will  almost  invariably  carry  appreciable, 
though  often  very  small,  percentages  of  water,  which  greatly 
reduces  the  efficiency  of  most  modern  types  of  grinding  mills, 
and  tends  to  clog  the  discharge  screens. 

Percentage  of  water  in  raw  materials. — The  percentage  of 
water  thus  carried  by  the  crude  raw  material  will  depend  largely 
on  the  character  of  the  material ;  partly  On  the  method  of  hand- 
ling and  storing  it ;  and  partly  on  weather  conditions. 

In  the  case  of  hard  limestones,  freshly  quarried,  the  water  will 
commonly  range  from  14  to  3  per  cent,  rarely  reaching  or  exceed- 
ing the  higher  figure  except  in  the  very  wet  quarries  or  during 
the  rainy  season.  Such  limestones,  comparatively  dry  when 
quarried,  are  frequently  sent  to  the  grinding  mills  without  arti- 
ficial drying. 
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With  the  soft,  chalky  limestones,  which  absorb  water  very 
rapidly,  the  percentage  can  usually  be  kept  down  to  5  per  cent 
or  less  in  dry  weather ;  while  prolonged  wet  weather  may  neces- 
sitate the  handling  at  the  mill  of  material  carrying  as  high  as  15 
to  20  per  cent  of  water. 

The  clays  present  a  much  more  complicated  case.  In  addition 
to  the  hygroscopic  or  mechanically-held  water  that  they  may  con- 
tain, there  is  also  always  present  a  certain  percentage  of  chem- 
ically combined  water.  The  amount  of  hygroscopic  water  present 
will  depend  on  the  treatment  and  exposure  of  the  clay ;  and  may 
vary  from  1  per  cent  or  so  in  clays  which  have  been  stored  and  air 
dried  to  as  high  as  30  per  cent  in  fresh  clays.  The  chemically 
combined  water  will  depend  largely  on  the  composition  of  the 
clay,  and  may  vary  from  5  to  12  per  cent.  The  hygroscopic  or 
mechanically-held  water  of  clays  can  be  driven  off  at  a  tempera- 
ture of  212^*  F.,  while  the  chemically  combined  water  is  lost  only 
at  a  low  red  heat.  The  total  water,  therefore,  to  be  driven  off 
from  clays  may  range  from  6  to  42  per  cent,  depending  on  the 
weather,  the  drainage  of  the  clay  pit,  and  the  care  taken  in  pre- 
venting unnecessary  exposure  to  moisture  of  the  excavated  clay. 
The  average  total  amount  of  moisture  will  probably  be  about  15 
per  cent. 

In  dealing  with  shales,  the  mechanically-held  water  will  rarely 
rise  above  10  per  cent,  and  can  commonly  be  kept  well  below  that 
limit.  An  additional  2  to  7  per  cent  of  water  will  be  carried  by 
;any  shale,  in  a  state  of  chemical  combination. 

At  a  few  plants  marl  is  used,  with  clay,  in  a  dry  process.  As 
noted  elsewhere  the  marls,  as  excavated,  carry  usually  about  50 
per  cent  of  water.  This  case  presents  a  more  diflScult  problem 
than  do  the  other  raw  materials,  because  the  vegetable  matter 
usually  present  in  marls  is  extremely  retentive  of  water. 

It  will  be  seen,  therefore,  that  cement  materials  may  carry 
from  one  per  cent  to  fifty  per  cent  of  water  when  they  reach  the 
mill.  In  a  dry  process  it  is  necessary  to  remove  practically  all 
of  this  water  before  commencing  the  grinding  of  the  materials. 
One  reason  for  this  is  that  fine  pulverizing  can  not  be  econom- 
ically or  satisfactorily  accomplished  unless  absolutely  dry  mate- 
rial is  fed  to  the  grinding  machinery.    Another  reason,  which  is 
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one  of  convenience  rather  than  of  necessity,  is  that  the  presence 
of  water  in  the  raw  materials  complicates  the  calculation  of  the 
oement  mixture. 

Methods  and  costs  of  drying. — The  type  of  dryer  commonly 
used  in  cement  plants  is  a  cylinder  approximately  five  feet  in 
diameter  and  forty  feet  or  so  in  length,  set  at  a  slight  inclination 
to  the  horizontal  and  rotating  on  bearings.  The  wet  raw  material 
is  fed  in  at  the  upper  end  of  the  cylinder,  and  it  moves  gradually 
toward  the  lower  end,  under  the  influence  of  gravity,  as  the  cyl- 
inder revolves.  In  many  dryers  angle  irons  are  bolted  to  the 
interior  in  such  a  way  as  to  lift  and  drop  the  raw  material 
alternately,  thus  exposing  it  more  completely  to  the  action  of  the 
heated  gases,  and  materially  assisting  in  the  drying  process. 
The  dried  raw  material  falls  from  the  lower  end  of  the  cylinder 
into  an  elevator  boot,  and  is  then  carried  to  the  grinding  mills. 

The  drying  cylinder  is  heated  either  by  a  separate  furnace  or 
by  waste  gases  from  the  cement  kiln».  In  either  case  the  prod- 
ucts of  combustion  are  introduced  into  the  cylinder  at  its  lower 
end,  are  drawn  through  it,  and  escape  up  a  stack  set  at  the  upper 
end  of  the  dryer. 

The  dryer  above  described  is  the  simplest,  and  is  most  com- 
monly used.  For  handling  the  small  percentages  of  water  con- 
tained in  most  cement  materials  it  is  very  efficient,  but  for  deal- 
ing with  high  percentages  of  water,  such  as  are  encountered  when 
marl  is  to  be  used  in  a  dry  process,  it  seems  probable  that  double 
heating  dryers  will  be  found  more  economical.  This  type  is  ex- 
emplified by  the  Ruggles-Coles  dryer.  In  this  dryer  a  double 
cylinder  is  employed.  The  wet  raw  material  is  fed  into  the 
space  between  the  inner  and  outer  cylinders,  while  the  heated 
gases  pass  first  through  the  inner  cylinder,  and  then,  in  a  reverse 
direction,  through  the  space  between  the  inner  and  outer  cylin- 
ders. This  double  heating  type  of  dryer  is  employed  in  almost 
all  of  the  slag  cement  plants  in  the  United  States,  and  is  also  in 
use  in  several  Portland  cement  plants. 

When  vertical  kilns  were  in  use,  drying  floors  and  drying  tun- 
nels were  extensively  used,  but  at  present  they  can  be  found  in 
only  a  few  plants,  being  everywhere  else  supplanted  by  the  rotary 
dryers. 
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The  cost  of  drying  will  depend  on  the  cost  of  fuel,  the  per- 
centage of  water  in  the  wet  material  and  the  type  of  dryer.  Even 
under  the  most  imfavorable  conditions  five  pounds  of  water  can 
be  expected  to  be  evaporated  per  pound  of  coal  used,  while  a 
good  dryer  will  usually  evaporate  seven  or  eight  pounds  of  water 
per  pound  of  coal. 

GRINDING  AND  MIXING; 
Dry  Methods. 

Part,  at  least,  of  the  grinding  is  usually  accomplished  before 
the  drying,  but  for  convenience  the  subjects  have  been  separated 
in  the  present  paper.  Usually  the  limestone  is  sent  through  a 
crusher  at  the  quarry  or  mill  before  being  dried,  and  occasionally 
the  raw  material  is  further  reduced  in  a  Williams  mill,  etc., 
before  drying,  but  the  principal  part  of  the  reduction  always 
takes  place  after  the  material  has  been  dried. 

After  the  two  raw  materials  have  been  separately  dried  they 
may  be  mixed  immediately,  or  each  may  be  further  reduced  sep- 
arately before  mixing.  Automatic  mixers,  of  which  many  types 
are  on  the  market,  give  a  mixture  in  proportions  determined 
upon  from  analysis  of  the  materials. 

The  further  reduction  of  the  mixture  is  usually  carried  on  in 
two  stages,  the  material  being  ground  to  about  thirty  mesh  in  a 
ball  mill,  komminuter.  Griffin  mill,  etc.,  and  finally  reduced  in  a 
tube  mill.  At  a  few  plants,  however,  single  stage  reduction  is 
practiced  in  GriflSn  or  Huntington  mills,  while  at  the  Edison 
plant  at  Stewartsville,  New  Jersey,  the  reduction  is  accomplished 
in  a  series  of  rollers. 

The  majority  of  plants  use  either  the  GriflSn  mill  and  tube  mill 
or  the  ball  and  tube  mills,  and  there  is  probably  little  ditference 
in  the  cost  of  operating  these  two  combinations.  The  ball  mill 
has  never  been  quite  as  much  of  a  success  as  its  companion,  the 
tube  mill,  and  has  been  replaced  at  several  plants  by  the 
komminuter. 

Fineness  of  mixture. — After  its  final  reduction,  and  when 
ready  for  burning,  the  mixture  will  usually  run  from  90  to  95 
per  cent  through  a  100-mesh  sieve.  In  the  plants  of  the  Lehigh 
district  the  mixture  is  rarely  crushed  as  fine  as  when  limestone 
and  clay  are  used.    Newberry*  has  pointed  out  in  explanation 

*  Twentieth  Ann.  Rept.  U.  8.  Geol.  Surv..  pt.  6,  p. 546. 
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for  this  that  an  argillaceous  limestone  (cement  rock)  mixed  with 
a  comparatively  small  quantity  of  purer  limestone,  as  in  the 
Xehigh  plants,  requires  less  thorough  mixing  and  less  fine  grind- 
ing  than  when  a  mixture  of  limestone  and  clay  (or  marl  and  clay) 
is  used,  for  even  the  coarser  particles  of  argillaceous  limestone 
"will  vary  so  little  in  chemical  composition  from  the  proper  mix- 
ture as  to  affect  the  quality  of  the  resulting  cement  but  little, 
should  either  mixing  or  grinding  be  incompletely  accomplished. 
A  very  good  example  of  typical  Lehigh  Valley  grinding  of  raw 
material  is  afforded  by  a  specimen*  examined  by  Prof.  E.  D. 
Campbell.    This  sample  of  raw  mixture  ready  for  burning  was 
furnished  by  one  of  the  best  of  the  eastern  Pennsylvania  cement 
plants.     A   mechanical   analysis   of   it   showed   the   following 
results : 


• 

Mesh  of  Sieve 

50              100             200 

Per  cent  passine: 

96.9 
3.1 

85.6 
14.4 

72.4 

Per  cent  residue 

27.6 

The  material,  therefore,  is  so  coarsely  ground  that  only  a  trifle 
over  85  per  cent  passes  a  100-mesh  sieve. 


Wet  Methods. 


Wet  methods  of  preparing  Portland  cement  mixtures  date 
back  to  the  time  when  millstones  and  similar  crude  grinding 
contrivances  were  in  use.  With  such  imperfect  machinery  it  was 
impossible  to  grind  dry  materials  fine  enough  to  give  a'  good 
Portland  cement  mixture.  The  advent  of  good  grinding  machin- 
ery has  practically  driven  out  the  wet  methods  of  manufacture 
in  this  country,  except  in  dealing  with  materials  such  as  marls, 
which  naturally  carry  a  large  percentage  of  water.  One  or  two 
plants  in  the  United  States  do,  it  is  true,  deliberately  add  water 
to  a  limestone-clay  mixture ;  but  the  effect  of  this  practice  on  the 
cost  sheets  of  these  remarkable  plants  is  not  encouraging. 

In  preparing  cement  mixtures  from  marl  and  clay,  a  few  plants 
dry  both  materials  before  mixing.  It  seems  probable  that  this 
practice  will  spread,  for  the  wet  method  of  mixture  is  inherently 

*Jour.  Amer.  Chem.  Soc.  yqI.  25,  p.  1106. 
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expensive.  At  present,  however,  almost  all  marl  plants  use  wet 
methods  of  mixing,  and  it  is  therefore  necessary  to  give  some 
space  to  a  discussion  of  such  methods. 

Certain  points  regarding  the  location,  physical  condition,  and 
<;hemical  composition  of  the  marls  and  clays  used  in  such  mix- 
tures have  important  effects  upon  the  cost  of  the  wet  process. 
As  regards  location,  co^sidered  on  a  large  scale,  it  must  be  borne 
in  mind  that  marl  deposits  of  workable  size  occur  only  in  the 
Northern  States  and  in  Canada.  In  consequence  the  climate  is 
unfavorable  to  continuous  working  throughout  the  year,  for  the 
marl  is  usually  covered  with  water,  and  in  winter  it  is  difficult 
to  secure  the  material.  In  a  minor  sense  location  is  still  an  im- 
portant factor,  for  marl  deposits  necessarily  and  invariably  are 
found  in  depressions ;  and  the  mill  must,  therefore,  just  as  nec- 
essarily, be  located  at  a  higher  level  than  its  source  of  raw  mate- 
rial, which  involves  increased  expense  in  transporting  the  raw 
material  to  the  mill. 

Glacial  clays,  which  are  usually  employed  in  connection  with 
marl,  commonly  carry  a  much  larger  proportion  of  sand  and 
pebbles  than  do  the  sedimentary  clays  of  more  southerly  regions. 

The  effect  of  the  water  carried  by  the  marl  has  been  previously 
noted.  The  material  as  excavated  will  consist  approximately  of 
equal  weights  of  lime  carbonate  and  of  water.  This,  on  the  face 
of  it,  would  seem  to  be  bad  enough  as  a  business  proposition; 
but  we  find  that  in  practice  more  water  is  often  added  to  permit 
the  marl  to  be  pumped  to  the  mill. 

On  the  arrival  of  the  raw  materials  at  the  mill  the  clay  is 
often  dried,  in  order  to  simplify  the  calculation  of  the  mixture. 
The  reduction  of  the  clay  is  commonly  accomplished  in  a  disin- 
tegrator or  in  edge-runner  mills,  after  which  the  material  is  fur- 
ther reduced  in  a  pug  mill,  sufficient  water  being  here  added  to 
enable  it  to  be  pumped  readily.  It  is  then  ready  for  mixture  with 
the  marl,  which  at  some  point  in  its  course  has  been  screened  to 
remove  stones,  wood,  etc.,  as  far  as  possible.  The  slurry  is  fur- 
ther ground  in  pug  mills  or  wet  grinding  mills  of  the  disk  type ; 
while  the  final  reduction  takes  place  conunonly  in  wet  tube  mills. 
The  slurry,  now  containing  30  to  40  per  cent  of  solid  matter  and 
70  to  60  per  cent  of  water,  is  pumped  into  storage  tanks,  where 
it  is  kept  in  constant  agitation  to  avoid  settling.    Analyses  of  the 
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slurry  are  taken  at  this  point,  and  the  mixture  in  the  tanks  is  cor- 
rected if  found  to  be  of  unsatisfactory  composition.  After 
standardizing,  the  slurry  is  pumped  into  the  rotary  kilns.  Owing 
to  the  large  percentage  of  water  contained  in  the  slurry  the  fuel 
consumption  per  barrel  of  finished  cement  is  30  to  50  per  cent 
greater,  and  the  output  of  each  kiln  correspondingly  less  than  in 
the  case  of  a  dry  mixture. 

It  may  be  of  interest,  for  comparison  with  the  above  descrip- 
tion of  the  wet  process  with  rotary  kilns,  to  insert  a  description 
of  the  semi-wet  process  as  carried  on  a  few  years  ago  at  the 
dome  kiln  plant  of  the  Empire  Portland  Cement  Company  of 
Warners,  N.  Y.  The  plant  has  been  remodeled  since  that  date, 
but  the  processes  formerly  followed  are  still  of  interest,  as  they 
resulted  in  a  high  grade  though  expensive  product. 

At  the  Empire  plant  the  marl  and  clay  are  obtained  from  a 
swamp  about  three-fourths  of  a  mile  from  the  mill.  A  revolving 
derrick  with  clam-shell  bucket  was  employed  for  excavating  the 
marl,  while  the  clay  was  dug  with  shovels.  The  materials  were 
taken  to  the  works  over  a  private  narrow-gauge  road,  on  oars 
carrying  about  three  tons  each,  drawn  by  a  small  locomotive.  At 
the  mill  the  cars  were  hauled  up  an  inclined  track,  by  means  of 
a  cable  and  drum,  to  the  mixing  floor. 

The  clay  was  dried  in  the  Cummer  **  salamander"  driers,  after 
which  it  was  allowed  to  oool,  and  then  carried  to  the  mills.  These 
mills  were  the  Sturtevant  ^'rock  emery''  type,  and  reduced  the 
clay  to  a  fine  powder,  in  which  condition  it  was  fed,  after  being 
weighed,  to  the  mixer.  The  marl  was  weighed  and  sent  di- 
rectly to  the  mixer,  no  preliminary  treatment  being  necessary. 
The  average  charge  was  about  25  per  cent  clay  and  about  75 
per  cent  marl. 

The  mixing  was  carried  on  in  a  mixing  pan  twelve  feet  in 
diameter,  in  which  two  large  rolls,  each  about  five  feet  in  diam- 
eter and  sixteen-inch  face,  ground  and  mixed  the  materials 
thoroughly.  The  mixture  was  then  sampled  and  analyzed,  after 
which  it  was  carried  by  a  belt  conveyor  to  two  pug  mills, 
where  the  mixing  .was  completed  and  the  slurry  formed  into 
slabs  about  three  feet  long  and  four  to  five  inches  in  width  and 
height.  These  on  issuing  from  the  pug  mill  were  cut  into  a 
number  of  sections  so  as  to  give  bricks  about  six  inches  by 
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four  inches  by  four  inches  in  size.  The  bricks  were  then  placed 
on  slats,  which  were  loaded  on  rack  cars  and  run  into  the  dry- 
ing tunnels.  The  tunnels  were  heated  by  waste  gases  from  the 
kUns  and  required  from  twenty-four  to  thirty-six  hours  to  dry 
the  bricks. 

After  drying,  the  bricks  were  fed  into  dome  kilns,  twenty  of 
which  were  in  use,  being  charged  with  alternate  layers  of  coke 
and  slurry  bricks.  The  coke  charge  for  a  kiln  was  about  four 
or  five  tons  and  this  produced  twenty  to  twenty-six  tons  of 
clinker  at  each  burning,  thus  giving  a  fuel  consumption  of 
about  20  per  cent,  as  compared  with  the  40  per  cent  or  so  re- 
quired in  the  rotary  kilns  using  wet  materials.  From  thirty- 
six  to  forty  hours  were  required  for  burning  the  charge.  After 
cooling,  the  clinker  was  shoveled  out,  picked  over  by  hand,  and 
reduced  in  a  Blake  crusher,  Smidth  ball  mills,  and  Davidsen  tube 
mills. 

Composition  of  mixture. — The  cement  mixture  ready  for  burn- 
ing will  commonly  contain  from  74  to  77.5  per  cent  of  lime  car- 
bonate, or  an  equivalent  proportion  of  lime  oxide.  Several  an- 
alyses of  actual  cement  mixtures  are  given  in  the  following 
table.  Analysis  No.  1,  with  its  relatively  high  percentage  of 
magnesia,  is  fairly  typical  of  Lehigh  Valley  practice.  Analyses 
Nos.  2  and  3  show  mixtures  low  in  lime,  while  analysis  No.  4  is 
probably  the  best  proportion  of  the  four,  especially  in  regard  to 
the  ratio  between  silica  and  alumina  plus  iron.  This  ratio,  for 
ordinary  purposes,  should  be  about  3:1,  as  the  cement  becomes 
quicker  setting  and  lower  in  ultimate  strength  as  the  percentage 
of  alumina  increases.  If  the  alumina  percentage  be  carried  too 
high,  moreover,  the  mixture  will  give  a  fusible,  sticky  clinker 
when  burned,  causing  trouble  in  the  kilns. 

Analyses  of  cement  miactures. 


Silica  (SiO.) 

Alumina  and  Iron  oxide(Als08  4-  FeiOa).. 

Carbonate  of  lime  (CaCO,) 

Magnesium  oxide  ( MgO) 


12.62 
6.00 

75.46 
2.65 


13.46 
? 

73.66 
? 


13.85 
7.20 
73.93 
? 


14.77 
4.35 

76.84 
1.74 
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BURNING  THE  MIXTURE. 

After  the  cement  mixture  has  been  carefully  prepared,  as 
described  in  preceding  pages,  it  must  be  burned  with  equal  care. 

In  the- early  days  of  the  industry  a  simple  vertical  kiln,  much 
like  that  used  for  burning  lime  and  natural  cement,  was  used  for 
burning  the  Portland  cement  mixture.  These  kilns,  while  fairly 
efficient  so  far  as  fuel  consumption  was  concerned,  were  expen- 
sive in  labor,  and  their  daily  output  was  small.  In  France  and 
Germany  they  were  soon  supplanted  by  improved  types,  but  still 
stationary  and  vertical,  which  gave  very  much  lower  fuel  con- 
sumption. In  America,  however,  where  labor  is  Expensive  while 
fuel  is  comparatively  cheap,  an  entirely  different  style  of  kiln 
has  been  evolved.  This  is  the  rotary  kiln.  With  the  exception 
of  a  very  few  of  the  older  plants,  which  have  retained  vertical 
kilns,  all  American  Portland  cement  plants  are  now  equipped 
with  rotary  kilns. 

The  history  of  the  gradual  evolution  of  the  rotary  kiln  is  of 
great  interest,  but  as  the  subject  can  not  be  taken  up  here,  refer- 
ence should  be  made  to  the  papers  cited  below*  in  which  details, 
accompanied  often  by  illustrations  of  early  types  of  rotary  kilns, 
are  given. 

The  design,  construction  and  operation  of  the  vertical  sta- 
tionary kilns  of  various  types  is  discussed  in  many  reports  on 
Portland  cement,  the  most  satisfactory  single  paper  being  prob- 
ably that  referred  to  below. t  As  the  subject  is,  in  America  at 
least,  a  matter  simply  of  historical  interest,  no  description  of 
these  kilns  or  their  operation  will  be  given  in  the  present  paper. 

At  present,  practice  in  burning  at  the  different  American  ce- 
ment plants  is  rapidly  approaching  uniformity,  though  difference 
in  materials,  etc.,  will  always  prevent  absolute  uniformity  from 
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being  reached.  The  kiln  in  which  the  material  is  burned  is  now 
almost  invariably  of  the  rotary  type,  the  rotary  process,  which  is 
essentially  American  in  its  development,  being  based  upon  the 
substitution  of  machines  for  hand  labor  wherever  possible.  A 
brief  summary  of  the  process  will  first  be  given,  after  which  cer- 
tain subjects  of  interest  will  be  taken  up  in  more  detail. 

SUMMARY  OF  BURNING  PROCESS. 

As  at  present  used,  the  rotary  kiln  is  a  steel  cylinder  from 
about  six  to  eight  feet  in  diameter ;  its  length,  for  dry  materials, 
has  usually  been  sixty  feet,  but  during  the  past  year  many  eighty- 
foot,  one  hundred-foot  and  even  longer,  kilns  are  frequently 
employed. 

This  cylinder  is  set  in  a  slightly  inclined  position,  the  inclinar 
tion  being  approximately  one-half  inch  to  the  foot.  The  kiln  is 
lined,  except  near  the  upper  end,  with  very  resi&tant  fire  brick, 
to  withstand  both  the  high  temperature  to  which  its  inner  surface 
is  subjected  and  also  the  destructive  action  of  the  molten  clinker. 

The  cement  mixture  is  fed  in  at  the  upper  end  of  the  kiln,  while 
fuel  (which  may  be  either  powdered  coal,  oil,  or  gas)  is  injected 
at  its  lower  end.  The  kiln,  which  rests  upon  geared  bearings, 
is  slowly  revolved  about  its  axis.  This  revolution,  in  connection 
with  the  inclination  at  which  the  cylinder  is  set,  gradually  carries 
the  cement  mixture  to  the  lower  end  of  the  kiln.  In  the  course  of 
this  journey  the  intense  heat  generated  by  the  burning  fuel  first 
drives  off  the  water  and  carbon  dioxide  from  the  mixture,  and 
then  causes  the  lime,  silica,  alumina  and  iron  to  combine  chem- 
ically to  form  the  partially  fused  mass  known  as  ** cement 
clinker. ' '  This  clinker  drops  out  of  the  lower  end  of  the  kiln,  is 
cooled  so  as  to  prevent  injury  to  the  grinding  machinery,  and  is 
then  sent  to  the  grinding  mills. 

THEORETICAL   FUEL  REQUIREMENTS. 

As  a  preliminary  to  a  discussion  of  actual  practice  in  the  mat- 
ter of  fuel,  it  will  be  of  interes.t  to  determine  the  heat  units  and 
fuel  theoretically  required  in  the  manufacture  of  Portland  ce- 
ment from  a  dry  mixture  of  normal  composition. 

In  burning  such  a  mixture  to  a  clinker,  practically  all  of  the 
heat  consumed  in  the  operation  will  be  that  required  for  the  dis- 
sociation of  the  lime  carbonate  present  into  lime  oxide  and  car- 
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bon  dioxide.  Driving  off  the  water  of  combination  that  is  chem- 
ically held  by  the  clay  or  shale,  and  decomposing  any  calcium 
sulphate  (gypsum)  that  may  be  present  in  the  raw  materials,  will 
require  a  small  additional  amount  of  heat.  The  amount  required 
for  these  purposes  is  riot  accurately  known,  however,  but  is  prob- 
ably so  small  that  it  will  be  more  or  less  entirely  offset  by  the 
heat  which  will  be  liberated  during  the  combination  of  the  lime 
with  the  silica  and  alumina.  We  may,  therefore,  without  sensible 
error,  regard  the  total  heat  theoretically  required  for  the  produc- 
tion of  a  barrel  of  Portland  cement  as  being  that  which  is  neces- 
sary for  the  dissociation  of  450  pounds  of  lime  carbonate.  With 
coal  of  a  thermal  value  of  13,500  B.  T.  U.,  burned  with  only  the 
air  supply  demanded  by  theory,  this  dissociation  will  require 
25V2  pounds  of  coal  per  barrel  of  cement,  a  fuel  consumption  of 
only  6.6  per  cent. 

LOSSES  OF  HEAT  IN  PRACTICE. 

In  practice  with  the  rotary  kiln,  however,  there  are  a  number 
of  distinct  sources  of  loss  of  heat,  which  result  in  a  fuel  consump- 
tion immensely  greater  than  the  theoretical  requirements  given 
above.  The  more  important  of  these  sources  of  loss  are  the  fol- 
lowing: 

1.  The  kiln  gases  are  discharged  at  a  temperature  much  above* 
thait  of  the  atmosphere,  ranging  from  300"  F.  to  2,000"  F.,  accord^ 
ing  to  the  type  of  materials  used  and  the  length  of  the  kiln. 

2.  The  clinker  is  discharged  at  a  temperature  varying  from 
300'  F.  to  2,500"  F.,  the  range  depending,  as  before,  on  materials 
and  length  of  the  kiln. 

3.  The  air  supply  injected  into  the  kiln  is  always  greater,  and 
usually  very  much  greater,  than  that  required  for  'the  perfect 
combustion  of  the  fuel ;  and  the  available  heating  power  of  the 
fuel  is  thereby  reduced. 

4.  Heat  is  lost  by  radiation  from  the  ends  and  exposed  sur- 
faces of  the  kiln. 

5.  The  mixture,  in  plants  using  a  wet  process,  carries  a  high 
percentage  of  water,  which  must  be  driven  off. 

It  is  evident,  therefore,  that  present-day  working  conditions*, 
serve  to  increase  greatly  the  amount  of  fuel  actually  necessary 
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for  the  production  of  a  barrel  of  cement  above  that  required  by 
theory. 

ACTUAL  FUEi.  REQUIREMENTS  AND  OUTPUT. 

Rotary  kilns  are  nominally  rated  at  a  production  of  200  bar- 
rels per  day  per  kiln.  Even  on  dry  and  easily  clinkered  materials 
and  with  good  coal,  however,  such  an  output  is  not  commonly 
attained.  Normally  a  kiln  working  a  dry  mixture  will  produce 
from  160  to  180  barrels  of  cement  per  day  of  twenty-four  hours. 
In  doing  this,  if  good  coal  is  used  its  fuel  consumption  will  com- 
monly be  from  120  to  140  pounds  of  coal  per  barrel  of  cement, 
though  it  may  range  as  high  as  160  pounds,  and,  on  the  other 
hand,  has  fallen  as  low  as  90  pounds.  An  output  of  175  barrels 
per  day,  with  a  coal  consumption  of  130  pounds  per  barrel,  may 
therefore  be  considered  as  representing  the  results  of  fairly  good 
practice  on  dry  materials.  In  dealing  with  a  wet  mixture,  which 
may  carry  anywhere  from  30  to  70  per  cent  of  water,  the  results 
are  more  variable,  though  always  worse  than  with  dry  materials. 
In  working  a  sixty-foot  kiln  on  a  wet  material,  the  output  may 
range  from  80  to  140  barrels  per  day,  with  a  fuel  consumption  of 
from  150  to  230  pounds  per  barrel.  Using  a  longer  kiln,  partly 
drying  the  mixture,  and  utilizing  waste  heat,  will  of  course  im- 
prove these  figures  materially. 

When  the  heavj^  Western  oils  are  used  for  kiln  fuel,  it  may  be 
considered  that  one  gallon  of  oil  is  equivalent  in  the  kiln  to 
about  ten  pounds  of  coal.  The  fuel  consumption,  using  dry  ma- 
terials, will  range  between  eleven  and  fourteen  gallons  of  oil  per 
barrel  of  cement ;  but  the  output  per  day  is  always  somewhat  less 
with  oil  fuel  than  where  coal  is  used. 

Natural  gas  in  the  kiln  may  be  compared  with  good  Pennsyl- 
vania coal  by  allowing  about  20,000  to  30,000  cubic  feet  of  gas  as 
equivalent  to  a  ton  of  coal.  This  estimate  is,  however,  based 
upon  too  few  data  to  be  as  close  as  those  above  given  for  oil  or 
coal. 

EFFECT  OF  COMPOSITION  ON  BURNING. 

The  differences  in  composition  between  Portland  cement  mix- 
tures are  very  slight  if  compared,  for  example,  with  the  dif- 
ferences between  various  natural  cement  rocks.  But  even  such 
slight  differences  as  do  exist  exercise  a  very  appreciable  effect 
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on  the  burning  of  (the  mixture.  Other  things  being  equal,  any 
increase  in  the  percentage  of  lime  in  the  mixture  will  necessi- 
tate a  higher  temperature  in  order  to  get  an  equally  sound 
cement.  A  mixture  which  will  give  cement  carrying  59  per  cent 
of  lime,  for  example,  will  require  much  less  thorough  burning 
than  would  a  mixture  designed  to  give  a  cement  with  64  per 
cent  of  lime. 

With  equal  lime  percentages,  the  cement  carrying  high  silica 
and  low  alumina  and  iron  will  require  a  higher  temperature  than 
if  it  were  lower  in  silica  and  higher  in  alumina  and  iron.  But, 
on  the  other  hand,  if  the  alumina  and  iron  are  carried  too  high, 
the  clinker  will  ball  up  in  the  kiln,  forming  sticky  and  unman- 
ageable masses. 


CHARACTER  OF  KILN  COAL. 


The  fuel  most  commonly  used  in  modem  rotary  kiln  practice 
is  bituminous  coal,  pulverized  very  finely.  Coal  for  this  pur- 
pose should  be  high  in  volatile  matter,  and  as  low  in  ash  and 
sulphur  as  possible.  Rusell  gives  the  following  analyses  of 
West  Virginia  and  Pennsylvania  coals  used  at  present  at  vari- 
ous cement  plants  in  Michigan: 

Analyses  of  kiln  coals. 


1 

Z 

8 

4 

Fixed  carbon 

56.15 

35.41 

6.36 

2.08 

1.30 

56.33 

a5.26 

7.06 

1.35 

1.34 

55.82 

39.37 

3.81 

1.00 

0.42 

51.69 

Volatile  matter 

39.52 

Ash 

6.13 

Moislure 

1.40 

SulDhur 

1.46 

The  coal  as  usually  bought  is  either  *  *  slack  "  or  *  ^  run  of  mine. ' ' 
In  the  latter  case  iit  is  necessary  to  crush  the  lumps  before  pro- 
ceeding further  with  the  preparation  of  the  coal,  but  with  slack 
this  preliminary  crushing  is  not  necessary,  and  the  material 
can  go  directly  to  the  dryer. 

DRYING  COAL. 

Coal  as  bought  may  carry  as  high  as  15  per  cent  of  water  in 
winter  or  wet  season.  Uusally  it  will  run  from  3  to  8  per  cent. 
To  secure  good  results  from  the  crushing  machinery  it  is  neces- 
sary that  this  water  should  be  driven  off.  For  coal  drying,  as 
for  the  drying  of  raw  materials,  the  rotary  dryer  seems  best 
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adapted  to  American  conditions.  It  should  be  said,  however, 
that  in  drying  coal  it  is  usually  considered  inadvisable  to  allow 
the  products  of  combustion  to  pass  through  the  cylinder  in 
which  the  coal  is  being  dried.  This  restriction  serves  to  de- 
crease slightly  the  possible  economy  of  the  dryer,  but  an  evap- 
oration of  six  to  eight  pounds  of  water  per  pound  of  fuel  coal 
can  still  be  counted  on  with  any  good  dryer.  The  fuel  cost  of 
drying  coal  containing  8  per  cent  of  moisture,  allowing  $2  per 
ton  for  the  coal  used  as  fuel,  will  therefore  be  about  three  to 
four  cents  per  ton  of  dried  product. 

PULVERIZING  COAL. 

Though  apparently  brittle  enough  when  in  large  lumps,  coal 
is  a  diflScult  material  to  pulverize  finely.  For  cement  kiln  use, 
the  fineness  of  reduction  is  very  variable.  The  finer  the  coal  is 
pulverized  the  better  results  will  be  obtained  from  it  in  the  kiln ; 
and  the  poorer  the  quality  of  the  coal  the  finer  it  is  necessary  to 
pulverize  it.  The  fineness  attained  in  practice  may  therefore 
vary  from  85  per  cent,  through  a  100-mesh  sieve,  to  95  per  cent 
or  more,  through  the  same.  At  one  plant  a  very  poor  but  cheap 
coal  is  pulverized  to  pass  98  per  cent  through  a  100-mesh  sieve,, 
and  in  consequence  gives  very  good  results  in  the  kiln. 

Coal  pulverizing  is  usually  carried  on  in  two  stages,  the  ma- 
terial being  first  crushed  to  20  to  SO-mesh  in  a  Williams  mill 
or  ball  mill,  and  finally  reduced  in  a  tube  mill.  At  many  plants, 
however,  the  entire  reduction  takes  place  in  one  stage,  GriflSn  or 
Huntington  mills  being  used. 

TOTAL  COST  OP  COAL  PREPARATION. 

The  total  cost  of  crushing  (if  necessary),  drying  and  pulver- 
izing coal,  and  of  conveying  and  feeding  the  product  to  the  kiln,, 
together  with  fair  allowances  for  replacements  and  repairs,  and 
for  interest  on  the  plant,  will  probably  range  from  about  twenty 
to  thirty  cents  per  ton  of  dried  coal,  for  a  4-kiln  plant.  This 
will  be  equivalent  to  a  cost  of  from  three  to  five  cents  per  barrel 
of  cement.  While  this  may  seem  a  heavy  addition  to  the  cost  of 
cement  manufacture,  it  should  be  remembered  that  careful  dry- 
ing and  fine  pulverizing  enable  the  manufacturer  to  use  much 
poorer — -and  therefore  cheaper — grades  of  coal  than  could  other- 
wise be  utilized. 
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CLINKER  GRINDING. 

Tlie  power  and  machinery  required  for  pulverizing  the  clinker 
at  a  Portland  cement  plant  using  the  dry  process  of  manu- 
facture is  very  nearly  the  same  as  that  required  for  pulverizing 
the  raw  materials  for  the  same  output.  This  may  seem,  at  first 
sight,  improbable,  for  Portland  cement  clinker  is  much  harder 
to  grind  than  any  possible  combination  of  raw  materials;  but 
it  must  be  remembered  that  for  every  barrel  of  cement  produced 
about  600  pounds  of  raw  materials  must  be  pulverized,  while 
only  a  scant  400  pounds  of  clinker  will  be  treated,  and  that  the 
large  crushers  required  for  some  raw  materials  can  be  dis- 
pensed with  in  crushing  clinker.  With  this  exception,  the  raw 
material  side  and  the  clinker  side  of  a  dry-process  Portland 
cement  plant  are  usually  almost  or  exactly  duplicates. 

The  difficulty,  and  in  consequence  the  expense,  of  grinding 
clinker  will  depend  in  large  part  on  the  chemical  composition  of 
the  clinker  and  on  the  temperature  at  which  it  has  been  burned. 
The  difficulty  of  grinding,  for  example,  increases  with  the  per- 
centage of  lime  carried  by  the  clinker;  and  a  clinker  containing 
64  per  cent  of  lime  will  be  very  noticeably  more  resistant  to 
pulverizing  than  one  carrying  62  per  cent  of  lime  So  far  as 
regards  burning,  it  may  be  said  in  general  that  the  more  thor- 
oughly burned  the  clinker  the  more  difficult  it  will  be  to  grind, 
assuming  that  its  chemical  composition  remains  the  same. 

The  tendency  among  engineers  at  present  is  to  demand  more 
finely  ground  cement.  While  this  demand  is  doubtless  justified 
by  the  results  of  comparative  tests  of  finely  and  coarsely  ground 
cements,  it  must  be  borne  in  mind  that  any  increase  in  fineness 
of  grinding  mesins  a  decrease  in  the  product  per  hour  of  the 
grinding  mills  employed,  and  a  consequent  increase  in  the  cost 
of  cement.  At  some  point  in  the  process,  therefore,  the  gain  in 
s-trength  due  to  fineness  of  grinding  will  be  counter-balanced 
by  the  increased  cost  of  manufacturing  the  more  finely  ground 
product. 

The  increase  in  the  required  fineness  has  been  gradual  but 
steady  during  recent  years.  Most  specifications  now  require 
at  least  90  per  cent  to  pass  a  100-mesh  sieve ;  a  number  require 
92  per  cent ;  while  a  few  important  specifications  require  95  per 
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cent.    Within  a  few  years  it  is  probable  that  almost  all  specifi- 
cations will  go  as  high  as  this. 

ADDITION  OF  GYPSUM. 

The  cement  produced  by  the  rotary  kiln  is  invariably  natu- 
rally SO  quick-setting  as  to  require  the  addition'  of  sulphate  of 
lime.  This  substance,  when  added  in  quantities  up  to  21/^  or  3 
per  cent,  retards  the  rate  of  set  of  the  cement  proportionately, 
and  appears  to  exert  no  injurious  influence  on  the  strength  of 
the  cement.  In  amounts  above  3  per  cent,  however,  its  retard- 
ing influence  seems  to  become  at  least  doubtful,  while  a  decided 
weakening  of  the  cement  is  noticeable. 

Sulphate  of  lime  may  be  added  in  one  of  two  forms,  either  as 
crude  gj'-psum  or  as  burned  plaster.  Crude  gypsum  is  a  natural 
hydrous  lime  sulphate,  containing  about  80  per  cent  of  lime  sul- 
phate and  20  per  cent  of  water.  When  gypsriln  is  calcined  at 
temperatures  not  exceeding  400**  F.,  most  of  its  contained  water 
is  driven  off.  The  ** plaster"  remaining  carries  about  93  per 
cent  of  lime  sulphate,  with  only  7  per  cent  of  water.  . 

In  Portland  cement  manufacture  either  gypsum  or  burned 
plaster  may  be  used  to  retard  the  set  of  the  cement.  As  a  mat- 
ter* of  fact,  gypsum  is  the  form  almost  universally  employed  in 
the  United  States.  This  is  merely  a  question  of  cost.  It  is 
true,  that  to  secure  the  same  amount  of  retardation  of  set  it 
will  be  necessary  to  add  a  little  more  gj^psum  than  if  burned 
plaster  were  used;  but,  on  the  other  hand,  gj^psum  is  much 
cheaper  than  burned  plaster. 

The  addition  of  the  gypsum  to  the  clinker  is  usually  made 
before  it  has  passed  into  the  ball  mill,  komminuter,  or  whatever 
mill  is  in  use  for  preliminary  grinding.  Adding  it  at  this  point 
secures  much  more  thorough  mixing  and  pulverizing  than  if  the 
mixture  were  made  later  in  the  process.  At  some  of  the  few 
plants  which  use  plaster  instead  of  gypsum,  the  finely  ground 
plaster  is  not  added  until  the  clinker  has  received  its  final  grind- 
ing and  is  ready  for  storage  or  packing. 
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Constitution  of  Portland  Cement. 

During  recent  years  much  attention  has  been  paid  by  various 

investigators   to   the   constitution   of   Portland    cement.      The 

ohemical  composition  of  any  particular  sample  can,  of  course, 

be  readily  determined  by  analysis,  and  by  comparison  of  a 

xiumber  of  such  analyses,  general  statements  can  be  framed  as 

to  the  range  in  composition  of  good  Portland  cements. 

The  chemical  analysis  will  determine  what  ingredients  are 
present,  and  in  what  percentages,  but  other  methods  of  investi- 
gation are  necessary  to  ascertain  in  what  manner  these  various 
ingredients  are  combined.  A  summary  only  of  the  more  impor- 
tant results  brought  out  by  these  investigations  on  the  constitu- 
tion of  Portland  cement  will  be  given  in  this  place. 

It  would  seem  to  be  firmly  established  that,  in  a  well  burned 
Portland  cement,  much  of  the  lime  is  combined  with  most  of  the 
silica  to  form  the  compound  3  CaO.  SiOa,  tricalcic  silicate.  To 
this  compound  are  ascribed,  in  large  measure,  the  hydraulic  prop- 
erties of  the  cement,  and  in  general  it  may  be  said  that  the 
value  of  a  Portland  cement  increases  directly  as  the  proportion 
of  3  CaO.  SiOa.  The  ideal  Portland  cement,  toward  which  ce- 
ments as  actually  made  tend  in  composition,  would  consist  ex- 
clusively of  tricalcic  silicate,  and  would  be,  therefore,  composed 
entirely  of  lime  and  silica,  in  the  following  proportions: 

Lime  (CaO)  73.6 

Silica  (SiOO    26.4 

Such  an  ideal  cement,  however,  can  not  be  manufactured  un- 
der present  commercial  conditions,  for  the  heat  required  to 
clinker  such  a  mixture  can  not  be  attained  in  any  working  kiln. 
Newberry  has  prepared  such  mixtures  by  using  the  oxy-hydro- 
gen  blowpipe;  and  the  electrical  furnace  will  also  give  clinker 
of  this  composition ;  but  a  pure  lime-silica  Portland  is  not  pos- 
sible under  present  day  conditions. 

In  order  to  prepare  Portland  cement  in  actual  practice,  there- 
fore, it  is  necessary  that  some  other  ingredient  or  ingredients 
should  be  present  to  serve  as  a  flux  in  aiding  the  combination 
of  the  lime  and  silica,  and  such  aid  is  afforded  by  the  presence 
of  alumina  and  iron  oxide. 


72         MATERIALS  AND   MANUFACTURE  OF  PORTLAND  CEMENT. 

Alumina  (AUOs)  and  iron  oxide  (FeaOs),  when  present  in 
noticeable  percentages,  serve  to  reduce  the  temperature  at 
which  combination  of  the  lime  and  silica  (to  form  3  CaO.  SiOa) 
takes  place;  and  this  clinkering  temperature  becomes  further 
and  further  lowered  as  the  percentages  of  alumina  and  iron  are 
increased.  The  strength  and  value  of  the  product,  however, 
also  decrease  as  the  alumina  and  iron  increase ;  so  that  in  actual 
practice  it  is  necessary  to  strike  a  balance  between  the  advan- 
tage  of  low  clinkering  temperature  and  the  disadvantage  of 
weak  cement,  and  to  thus  determine  how  much  alumina  and 
iron  should  be  used  in  the  mixture.  Alumina  affects  the  initial 
setting  of  cement,  high  alumina  producing  rapid  while  low 
alumina  produces  slow  setting.  It  is  advisable  to  keep  the 
alumina  as  low  as  possible,  but  high  enough  to  secure  a  proper 
clinkering  temperature.  High  alumina  causes  a  fusible  sticky- 
clinker  liable  to  ball  up  in  the  kiln.  Le  Chatelier  considers  the 
alumina  compounds  in  Portland  cement  the  cause  of  its  disinte- 
gration by  sea  water,  the  action  being  as  follows: 

The  hardening  of  cement  liberates  free  lime  which  reacts 
with. the  magnesium  sulphate  always  present  in  sea- water  to 
form  calcium  sulphate.  This  in  turn  reacts  with  the  calcium 
aluminate  of  the  cement  to  form  sulph-aluminate  of  lime,  a 
compound  that  swells  on  hydration,  thus  disintegrating  the 
whole  mass. 

It  is  generally  considered  that  whatever  alumina  is  present 
in  the  cement  is  combined  with  part  of  the  lime  to  form  the 
compound  2  CaO.  AI2O3,  dicalcic  aluminate.  It  is  also  held  by 
some,  but  this  fact  is  somewhat  less  firmly  established  than  the 
last,  that  the  iron  present  is  combined  with  the  lime  to  form 
the  compound  2  CaO.  FcoOg.  Iron  oxide  in  less  amounts  than 
4  to  6  per  cent  is  usually  calculated  as  alumina,  but  if  more  is 
present,  the  difference  in  their  combining  weights  must  be  al- 
lowed for.  It  decreases  the  clinkering  temperature  but  differs 
from  alumina  in  giving  a  slower  setting  cement.  The  darker 
colors  of  cements  are  usually  produced  by  the  iron  oxide  con- 
tained. 

The  European  limit  for  magnesia  is  3  per  cent  but  good  Port- 
lands are  made  in  the  Lehigh  Valley  region  with  4  to  5  per  cent. 
Professor  S.  B.  Newberry  has  proved  that  good  cements  can 
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be  made  carrying  10  per  cent  magnesia  if  due  care  be  exercised 
in  mixing  and  burning.  Magnesia  is  regarded  by  same  as  equiv- 
alent in  its  behavior  to  lime  and  within  limits  it  can  be  used  to 
replace  the  latter  if  allowance  be  made  for  the  difference  in 
ttieir  combining  weights.  It  is  theoretically  possible  to  prepare 
a  series  of  lime-magnesia  cements  parallel  to  Portland  cements 
as  now  made.  These  will  differ  in  quality  and  behavior  and 
would  not  be  properly  classified  with  Portlands.  The  amount 
of  magnesia  in  Portland  cemeiit  is  now  generally  restricted  to 
less  than  5  per  cent.  Its  detrimental  effect  takes  place  after 
the  calcium  compounds  have  hydrated  and  thus  causes  expansion 
which  tends  to  destroy  the  structure  of  the  cement. 

Sulphur  may  occur  as  sulphate  or  sulphide.  In  the  rotary 
kiln,  the  u$ual  oxidizing  flame  dis>90ciate3  sulphates  as  follows: 
OaSO*  +  heat  =  CaO  +  SOa.  The  SO3  passes  off  as  gas.  If  the 
flame  is  not  sufficiently  oxidizing,  the  CaSO*  may  be  reduced  to 
sulphide  form. 

Alkalies  in  small  per  cents  have  been  considered  detrimental 
by  some,  inert  or  beneficial  by  others,  but  their  effect  is  not  well 
known.  The  rate  of  setting  is  hastened  by  addition  of  alkali 
solutions.  Most  of  the  alkali  in  the  raw  mixture  is  probably 
volatilized  during  the  burning  and  would  form  a  valuable  by- 
product if  recovered  from  the  flue  gases. 

Phosphorus  is  seldom  found  in  cement  materials  except  marl. 
Its  effect  on  cement  is  not  definitely  known,  but  is  supposed  to 
cause  an  increase  in  the  tensile  strength  at  first  but  a  loss  when 
the  cement  is  older. 


TESTING  OF  RAW  MATERIALS  TO  DETERMINE  AVAIL- 
ABILITY FOR  THE  MANUFACTURE  OF 
PORTLAND  CEMENT. 

As  is  pointed  out  in  preceding  paragraphs,  the  natural  de- 
posits from  which  Portland  cement  is  made  comprise  limestone, 
chalk  or  marl  and  clay  or  shale.  In  the  exploitation  of  these 
raw  materials  there  are  a  number  of  factors  to  be  taken  into 
consideration.  The  more  important  of  these  are  enumerated 
on  page  50.     Whether  given  beds  are  suitable,  depends  pri- 
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marily  on  their  chemical  composition  and  physical  character- 
istics. Should  these  properties  prove  favorable,  the  extent  of 
the  deposits,  that  is,  the  quantity  of  the  raw  materials  available, 
must  be  ascertained,  before  the  strictly  commercial  and  economic 
relations,  transportation  facilities,  fuel  supply  and  markets, 
are  brought  under  serious  consideration. 

Evidently,  the  location  of  the  proper  materials  is  the  first 
step  in  exploitation.  At  the  same  time,  the  commercial  factors 
must  be  kept  in  mind,  for  it  would  be  useless  to  prospect  for 
cement-making  materials,  as  for  any  other  economic  product, 
in  regions  which,  because  of  their  remoteness,  preclude  utiliza- 
tion or  development.  Recalling,  however,  the  fact  that  Port- 
land cement  requires  limestone  and  clay  in  about  the  proportion 
of  3  to  1,  it  is  apparent  that  both  ingredients  need  not  be  found 
in  immediate  proximity  to  e€U5h  other.  It  is  not  unusual  for 
cement  plants  to  locate  at  the  source  of  the  lime,  the  clay  or 
shale  being  transported  for  considerable  distances.  Suitable 
limestone,  therefore,  is  the  first  essential,  after  which  a  clay  or 
shale  must  be  found  that  will  give  a  proper  cement  mixture  in 
combination  with  the  limestone. 

It  is  rarely,  if  ever,  the  case  that  investigators  are  equipped 
with  the  necessary  apparatus  for  making  practical  tests  ^  of 
favorable  materials.  Sudi  tests  would  include  fine  grinding, 
mixing  and  burning  to  clinker,  besides  pulverization  of  the 
burned  cement  and  testing  the  setting  properties  of  the  product. 
In  fact,  there  are  few  laboratories  in  this  country  where  tests 
of  this  nature  are  carried  out.  Investigations  of  Portland 
cement  materials  have,  up  to  the  present,  been  limited  substan- 
tially to  chemical  and  physical  tests  of  the  separate  raw  ingredi- 
ents, drawing  conclusions  from  these  as  to  their  suitability; 
the  final  and  only  absolutely  conclusive  test  being  performed 
on  a  large  scale  in  the  completely  equipped  factory. 

It  has  proven  a  problem  of  some  magnitude  to  devise  equip- 
ment with  which  can  be  imitated  on  a  small  scale  the  conditions 
to  which  cement  materials  are  subjected  in  the  factory.  Burn- 
ing tests  have  been  especially  troublesome,  the  designing  of  a 
small  kiln  in  which  the  conditions  could  be  accurately  controlled 
and  the  necessary  elevated  temperatures  produced,  meeting 
with  varying  degrees  of  success. 
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It  is,  without  doubt,  due  to  the  difficulties  encountered  in  mak- 
ing the  practical  tests  that  more  attention  has  been  given  to  in- 
direct methods  of  experiment.  Experience  has  shown  that  not 
only  must  the  limestone  and  «hale  be  blended  in  certain  propor- 
tions but  that  the  various  elements  in  the  shale,  especially,  must 
be  present  in  amounts  bearing  definite  relations  to  eaoh  other 
or  the  proper  mixture  with  the  limestone  is  impossible.  These 
factors  depend  alone  on  chemical  composition.  But  the  physical 
condition  of  the  mineral  particles  composing  the  clay,  and  the 
limestone,  if  it  be  impure,  is  of  equal  importance.  Of  two  clays 
with  identical  ultimate  chemical  composition,  one  might  be  em- 
inently suitable  and  the  second  much  less  so  or  even  valueless 
for  making  cement,  on  account  of  their  dissimilar  physical 
make-up. 

In  general,  the  finer  the  grain  of  the  clay  and  of  the  impurities 
in  the  source  of  the  lime,  the  more  favorable  are  the  materials 
for  cement  purposes.  Size  of  grain  is  not,  however,  the  only 
physical  factor  to  be  taken  into  account.  Since  the  burning  of 
cement  brings  about  a  chemical  union  of  the  lime  with  the  silica, 
alumina  and  iron,  the  susceptibility  of  these  latter  compounds 
to  the  attack  of  the  lime  is  of  great  importance.  Free  silica  in 
the  shape  of  crystalline  quartz  sand  if  very  fine,  is  readily  at- 
tacked at  high  temperatures.  If  the  silica  be  present,  however, 
in  the  non-crystalline  or  colloid  condition,  or  in  combination  with 
alkalis  or  alkaline  earths  as  in  the  feldspars,  or  with  alumina 
as  in  clay  itself,  the  size  of  grain  may  be  considerably  larger  and 
chemical  combination  in  burning  proceed  with  equal  facility. 
Silica  or  silicates  which  are  thus  susceptible  to  the  action  of 
caustic  lime  are  said  to  be  ** unlocked,"  and  the  silioa  in  a  semi- 
nascent  condition.  Silica  is  the  most  important  ingredient  to 
be  considered  in  this  connection,  but  similar  statements  will  ap- 
ply in  some  degree  to  the  iron  oxide  and  alumina  as  well. 

The  chemical  stability  of  the  elements  in  the  mixture  should 
therefore  be  taken  into  account  along  with  the  size  of  grain,  and 
the  first  factor  may  properly  be  referred  to  as  a  chemico-physi- 
cal  one. 

The  foregoing  statements  may  perhaps  suggest  two  principal 
lines  of  investigation  to  be  applied  to  possible  cement  materials. 


76         MATERIALS  AND   MANUFACTURE  OF  PORTLAND  CEMENT. 

First,  the  ultimate  chemical  analysis  of  both  classes  of  ingredi- 
ents, the  limestone  or  marl  and  the  clay ;  second,  an  inquiry  into, 
or  a  determination  of,  the  susceptibility  to  attack  by  lime  of  the 
clay  and  other  siliceous  components.  These  two  lines  of  proced- 
ure have  been  attempted,  supplemented  in  some  instances  by 
actual  burning  tests.  In  the  remaining  portions. of  this  chapter 
the  methods  employed  are  explained  and  some  results  are  given. 

Methods  of  Testinfi. 

As  has  been  shown,  chemical  composition  is  the  necessary 
basis  for  scientific  cement  manufacture.  A  statement  of  the 
chemical  analysis  of  each  of  the  ingredients  is  essential  in  order 
that  proper  and  uniform  mixtures  may  be  compounded.  All  ex- 
perimental work  to  determine  the  value  of  cement  materials 
must,  as  well,  depend  on  a  correct  knowledge  of  the  elements 
composing  them.  The  chemical  analysis  affords  a  means  of  com- 
parison of  promising  new  materials  with  others  now  in  use. 

THE  ANALYSIS  OF  LIMESTONES.* 

The  constituents  to  be  determined  are  the  insoluble  siliceous 
matter,  oxide  of  iron  and  aluminum,  carbonate  of  lime  and  car- 
bonate of  magnesia.  The  siliceous  matter  consists  of  sand  (sil- 
ica) and  silicates,  chiefly  clay  (silicate  of  alumina). 

Process  of  Analysis. — ^Weigh  Ig.  of  the  finely  ground  sample. 
Transfer  it  to  a  4-in.  casserole  or  dish,  cover  with  a  watch  glass, 
add  25  to  30  c.c.  of  water,  then  15  c.c.  of  concentrated  HCl,  and 
warm  until  all  effervescence  has  ceased.  Remove  the  cover, 
wiash  it  off  inito  the  dish,  add  4  to  5  drops  of  HNO3  and  evap- 
orate the  solution  to  dryness  on  a  water  bath  or  hot  plate;  or 
replace  the  cover  and  boil  down  directly  over  the  lamp,  using 
constant  care  to  prevent  loss  by  ''spattering'';  finally  heat  very 
carefully  over  the  lamp  flame  until  all  odor  of  HCl  is  gone.  The 
temperature  attained  should  not  exceed  120'*  C.  It  can  be  regu- 
lated by  drying  in  an  air  bath,  but  the  ''trick''  of  doing  it  as 
indicated  is  soon  learned  and  saves  much  time.  Now  cool,  add 
5  c.c.  of  HCl,  warm  till  the  Fe  salts  are  dissolved,  add  50 
c.c.  of  water  and  heat  until  everything  dissolves  except  the 
siliceous  matter,  which  forms  a  flocculent  or  sandy  residue.    Fil- 

*  Notes  on  Metallurgical  Analysis,  N.  W.  Lord.  2d  Ed.,  1903.  p.  16. 
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ter  through  a  5  or  7  cm.  filter,  and  wash  thoroughly  with  hot 
water  until  a  few  drops  of  the  washings  show  no  reaction  for 
HCl  when  tested  with  AgNOa. 

Ignite  and  weigh  the  residue,  which,  after  deducting  the  weight 
of  the  filter  ash,  constitutes  the  *' insoluble  siliceous  matter." 
Keep  it  for  the  determination  of  the  silica  by  fusion. 

To  the  filtrate,  the  volume  of  which  should  be  about  100  c.c, 
carefully  add  NH4OH  until  it  just  smells  distinctly  of  NHs- 
Should  the  precipitate  be  light  colored  and  large  in  amount,  in- 
dicating the  probable  precipitation  of  Mg(0H)2,  add  5  c.c.  HCI 
and  again  NH4OH  as  before.  Now  boil  the  liquid  about  five 
minutes  or  until  the  odor  of  NH3  has  nearly  gone — ^maintaining 
the  volume  of  the  liquid  if  necessary  by  adding  water  from  time 
to  time.  Remove  the  lamp,  and  let  the  precipitate  settle,  filter 
into  a  small  filter,  wash  well  with  hot  water,  ignite  and  weigh 
the  precipitate  of  FezOs  +  AlzOs  +  PzOb. 

The  FczOa  and  P2O5  may  be  determined  in  another  portion^ 
and  when  deducted  from  the  above  will  give  the  alumina  by 
difference. 

Dilute  the  filtrate  to  about  200  c.c.  If  it  is  not  distinctly  alka> 
line  add  five  to  ten  drops  of  NH4OH,  heat  to  boiling  and  slowly 
add  80  c.c.  of  a  solution  of  (NH4)2  C2O4  heated  to  boiling 
point  also.  Use  a  saturated  solution  of  the  salt  diluted  with 
an  equal  volume  of  water.  Stir  well  during  the  addition  of  the 
reagent  and  for  a  minute  or  two  afterwards,  then  set  aside 
until  the  precipitate  of  CaC204  has  settled  completely.  Decant 
the  liquid  through  a  9  cm.  filter  without  disturbing  the  precipi- 
tate, wash  the  precipitate  once  or  twice  by  decantation,  using 
about  100  c.c.  of  boiling  water  each  time,  then  transfer  it  to  the 
filter  and  wash  6  or  7  times  with  hot  water.  When  the  filtrate  is 
to  be  concentrated  for  the  determination  of  the  magnesia,  set 
aside  the  first  filtrate  and  decantation  and  catch  the  subsequent 
washings  in  a  separate  beaker.  Concentrate  these  by  boiling 
down  to  a  small  volume  and  then  add  them  to  the  first  portion. 

Dry  the  precipitate  thoroughly,  detach  it  as  far  as  possible 
from  the  filter,  put  it  in  a  weighed  No.  0  porcelain  crucible^ 
bum  the  filter  carefully  on  a  platinum  wire  and  add  the  ash  to 
contents  of  the  crucible.  Now  drop  concentrated  H2SO4  on 
to  the  precipitate  till  it  is  well  moistened,  but  avoid  much  excess. 
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Heat  the  crucible  (working  under  a  *'haod"  to  carry  off  the 
fumes)  holding  the  burner  in  the  hand  and  applying  the  flame 
cautiously  until  the  swelling  of  the  mass  subsides,  and  the  ex- 
cess of  H2SO4  has  been  driven  off  as  white  fumes.  Finally  heat 
to  a  cherry  red  for  5  minutes.  Do  not  use  the  blast  lamp.  Cool 
and  weigh  the  CaSO*.  The  weight  of  the  CaSO*  multiplied  by 
0.735  gives  the  amount  of  CaCOg  in  the  sample.  The  filtrate 
from  the  CaCzO*  should  be,  if  over  that  volume,  concentrated 
by  boiling  to  300  c.c. ;  should  any  MgCzO^  separate,  dissolve 
it  by  adding  a  liittle  HCl.  Cool,  add  NH4OH  till  alkaline,  then 
add  10  c.c.  or  a  sufficient  quantity  of  a  saturated  solution  of 
Na2HP04.  Then  add  gradually  1-10  of  the  volume  of  the  liquid 
of  strong  NH4OH,  (sp.  gr.  0.90)  stir  hard  for  some  time,  cover 
and  let  settle  until  the  liquid  is  perfectly  clear  (about  2  hours), 
filter  and  wash  with  water  containing  1-10  of  its  volume  of 
strong  NH4OH  and  a  little  NH4NO3.  Ten  c.c.  of  the  phosphate 
solution  is  sufficient  for  about  20  per  cent  of  MgCOs;  for  dol- 
omites more  must  be  added.  Dry  the  precipitate,  detach  it 
from  the  filter  and  burn  the  filter  on  a  platinum  wire ;  now  ignite 
precipitate  and  filter  ash  in  a  porcelain  crucible,  first  heating 
carefully  over  a  Bunsen  burner  till  all  volatile  matter  is  driven 

ft- 

off  and  it  has  been  at  a  dull  red  heat  for  some  minutes,  then 
finishing  over  the  blast  lamp  for  five  or  ten  minutes. 

The  ignited  precipitate  is  MgzPaO^,  the  weight  of  which  mul- 
tiplied by  0.757  gives  the  MgCO.,  in  the  sample. 

Treatment  of  the  Siliceous  Residue  for  the  Determination  of 
SiOi' — ^Mix  the  ignited  residue  with  eig'ht  or  ten  times  its 
weight  of  dry  NaaCOa,  in  a  platinum  crucible  of  at  least  15  c.c. 
capacity,  heat  it  over  a  Bunsen  burner  until  the  mass  has  well 
caked  together,  then  over  a  blast  lamp  until  it  is  in  quiet  fusion. 
Now  remove  the  crucible  with  a  pair  of  tongs  and  dip  the  bottom 
in  cold  water,  which  will  usually  cause  the  mass  to  loosen. 

Wasfh  off  any  of  the  material  spattered  on  the  cover  of  the 
crucible  into  a  casserole  with  hot  water.  Add  the  fused  cake, 
if  it  has  come  loose ;  if  not,  fill  the  crucible  with  water  and  warm 
until  the  fused  mass  softens  up  and  can  be  transferred  to  the 
casserole.  Finally  clean  the  crucible  with  hot  water  and  add  the 
washings.  If  any  material  adheres  so  as  not  to  be  removed 
by  washing  with  water,  dissolve  it  with  a  little  HOI  and  add  to 
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the  rest,  (on  no  axjcount  punch  or  dig  the  material  out,  as  this 
may  ruin  the  crucible).  When  the  fusion  has  been  thoroughly 
disintegrated  by  the  hot  water  and  no  hard  lumps  •  are  left, 
add  HCl  until  everything  dissolves,  cover  the  dish  and  warm 
till  effervescence  ceases.  Remove  and  wash  the  cover  and 
evaporate  the  solution  to  dryness  on  a  water  bath  or  otherwise ; 
when  dry  and  every  trace  of  odor  of  HCl  has  gone,  add  10  c.c. 
dilute  HCl  (1  :  1)  and  then  50  c.c.  of  water.  Warm  till  the 
NaCl  has  dissolved,  filter,  wash  well  with  hot  water,  dry  and 
ignite  th«  residual  SiOa.  The  ignition  must  be  repeated  and  the 
residue  reweighed  until  its  weight  does  not  change. 

In  the  filtrate  the  iron,  alumina,  lime  and  magnesia  may  be 
determined  as  in  the  regular  process,  and  the  amounts  so  found 
added  to  the  weight  of  the  main  precipitates. 

THE  ANALYSIS  OF  CLAYS.* 

Fuse  1  gram  of  the  finely  ground  clay,  dried  at  100°  C,  with 
10  grams  of  sodium  carbonate  and  a  very  little  sodium  nitrate. 
Run  the  fused  mass  well  up  on  the  sides  of  the  crucible,  allow 
it  to  cool,  and  treat  it  with  hot  water  until  thoroughly  disinte- 
grated, transferring  the  liquid  from  time  to  time  to  a  platinum 
dish.  Treat  the  crucible  with  hydrochloric  acid,  add  this  to  the 
liquid  in  the  dish,  acidulate  with  hydrochloric  acid,  and  evapo- 
rate to  dryness  in  the  air-bath.  Treat  the  mass  with  water  and 
a  little  hydrochloric  acid,  evaporate  again  to  dryness,  and  treat 
with  15  c.c.  hydrochloric  acid  and  45  c.c.  water.  Allow  it  to 
stand  in  a  warm  place  for  fifteen  or  twenty  minutes,  add  50  c.c. 
water,  and  stand  in  a  warm  place  for  fifteen  or  twenty  min- 
utes, add  50  c.c.  water,  and  filter  on  an  ashless  filter.  Wash 
thoroughly  with  hot  water  acidulated  with  a  few  drops  of 
hydrochloric  acid,  dry,  ignite,  heat  for  three  or  four  minutes 
over  the  blast-lamp,  and  weigh.  Treat  the  precipitate  with 
hydrofluoric  acid  and  a  few  drops  of  sulphuric  acid,  evaporate 
to  dryness,  ignite,  and  weigh.  The  difference  between  the  two 
weights  is  silica.  If  any  appreciable  residue  remains  in  the 
crucible,  treat  it  with  a  little  hydrochloric  acid,  and  wash  it 
out  into  the  filtrate  from  the  silica.  Transfer  the  filtrate  from 
the  silica  to  a  large  platinum  dish,  heat  it  to  boiling,  add  an 

*  Blair's  Chemical  Analysis  Iron,  6th  Ed.  1906,  p.  278. 
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excess  of  ammonia,  boil  until  the  smell  of  ammonia  is  quite 
faint,  filter  on  an  ashless  filter,  and  wash  several  times  with 
hot  water.  Stand  the  filtrate  and  washings  aside,  and  treat 
the  precipitate  on  the  filter  with  a  mixture  of  15  c.c.  hydro- 
chloric acid  and  15  c.c.  water  (cold).  Allow  the  solution  to  run 
into  a  small  clean  beaker,  replace  this  by  the  platinum  dish 
in  which  the  precipitation  was  made,  pour  the  solution  on  the 
filter  again,  and  repeat  this  operation  until  the  precipitate 
has  completely  dissolved.  Rinse  the  beaker  and  wash  the  filter 
thoroughly  with  cold  water,  dry,  and  preserve  it.  Eeprecip- 
itate  by  ammonia,  as  above  directed,  filter  on  an  ashless  filter, 
wipe  the  dish  with  small  pieces  of  filter-paper,  add  these  to 
the  precipitate,  and  wash  thoroughly  with  hot  water.  Dry,  ignite 
and  precipitate  and  filter,  and  the  filter  from  the  first  precipita- 
tion, heat  for  a  few  minutes  over  the  blast-lamp,  cool,  and 
weigh  as  alumina  and  ferric  oxide.  Fuse  the  ignited  precipitate 
with  sodium  carbonate,  treat  the  fused  mass  with  water,  wash 
it  into  a  small  beaker,  allow  the  residue  to  settle,  decant  off  the 
clear,  supernatant  fluid,  treat  the  residue  with  hydrochloric 
acid,  and  determine  the  iron  volumetrically,  or  add  citric  acid 
and  ammonia,  and  after  precipitating  the  iron  as  sulphide, 
filter,  wash,  dissolve  in  hydrochloric  acid,  oxidize  with  bromine- 
water,  and  precipitate  the  ferric  oxide  by  ammonia.  Filter, 
wash,  dry,  ignite,  and  weigh  as  ferric  oxide.  Subtract  the 
weight  of  ferric  oxide  from  the  alumina  plus  ferric  oxide  found 
above,  and  the  difference  is  alumina. 

As  the  amounts  of  calcium  and  magnesium  in  clay  are  very 
small,  the  filtrate  and  washings  from  the  second  precipitation 
of  alumina  plus  ferric  oxide  may  be  rejected  and  the  lime  and 
magnesia  determined  in  the  first  filtrate  as  directed  on  page  77. 

The  J.  Lawrence  Smith  process  is  standard  for  determining 
alkalis.  Place  1  gram  of  the  finely  ground  clay  in  a  porcelain 
or  agate  mortar,  add  an  equal  weight  of  granular  ammonium 
chloride,  and  grind  the  entire  mass  so  as  to  obtain  an  intimate 
mixture  of  the  whole.  Transfer  to  a  capacious  platinum  cruci- 
ble, cover  with  a  close-fitting  lid,  and  heat  carefully  to  decompose 
the  ammonium  chloride,  which  is  accomplished  in  a  few  minutes. 
Heat  gradually  to  redness,  and  keep  the  bottom  of  the  crucible 
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at  a  bright  red  for  about  an  hour.  Allow  the  crucible  to  cool, 
and  if  the  mass  is  easily  detached  from  the  crucible,  transfer  it 
to  a  platinum  dish  and  add  about  80  c.c.  of  water.  Wash  the 
crucible  and  lid  with  boiling  water,  pouring  washings  into  the 
dish.  Heat  the  water  in  the  dish  to  boiling,  and,  when  the  mass 
has  completely  slaked,  filter  into  another  platinum  dish  and  wash 
the  mass  on  the  filter  with  hot  water.  If  the  semi-fused  mass  in 
the  crucible  is  not  easily  detached,  place  the  crucible  on- its 
side  in  the  dish,  add  about  100  c.c.  water,  and  heat  until  the 
m«ass  disintegrates.  Remove  the  crucible,  rinse  it,  and  filter 
as  above  directed.  To  the  filtrate  add  about  1  i/^  grams  of 
pure  ammonium  carbonate,  evaporate  on  the  water-bath,  or  very 
carefully  over  a  light,  until  the  volume  of  the  solution  is  reduced 
to  about  40  c.c,  add  a  little  more  ammonium  carbonate  and  a 
few  drops  of  ammonia,  and  filter  on  a  small  filter.  Evaporate 
the  filtrate  carefully  after  adding  a  few  drops  more  of  am- 
monium carbonate  to  make  certain  that  all  the  lime  has  been 
precipitated.  If  any  further  precipitate  appears,  filter  into  a 
platinum  crucible  and  evaporate  to  dryness.  Heat  carefully 
to  dull  redness  to  drive  off  any  ammonium  salts,  and  weigh  the 
residue  as  potassium  sodium  chloride.  To  the  residue  in  the 
crucible  add  a  little  water,  in  which  the  residue  should  dissolve 
perfectly,  and  a  solution  of  platinic  chloride.  Evaporate  down 
in  the  water-bath  until  the  mass  in  the  crucible  solidifies  upon 
cooling,  add  a  little  water  to  dissolve  the  excess  of  platinic 
chloride,  and  then  an  equal  volume  of  alcohol.*  Filter  on  a 
Grooch  crucible,  wash  with  alcohol  until  the  filtrate  runs  through 
perfectly  colorless,  dry  at  120"  C,  and  weigh  as  potassium 
platinic  chloride.  This  weight,  multiplied  by  .19395,  gives  the 
weight  of  potash.  Then  multiply  the  weight  of  potassium 
platinic  chloride  by  .30696,  which  gives  the  weight  of  potassium 
chloride.  Subtract  this  from  the  weight  of  potassium  chloride 
plus  sodium  chloride  previously  obtained,  and  the  difference  is 
the  weig^ht  of  sodium  chloride  which,  multiplied  by  .53077,  gives 
the  weight  of  soda. 

*The  dtrength  of  the  alcohol  Is  important.  The  KaPtCle  is  practically  insoluble  in  80 
per  cent  alcohol,  but  the  NaaPtCle  will  dissolve  in  it.  Time  must  be  given  to  secure  com-^ 
plete  solution  of  this  latter  salt.    Lord's  Metallurgical  Notes,  Ed.  1903.  p.  208. 
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Determine  the  water  of  composition  by  igniting  1  gram  of 
the  clay  for  twenty  minutes  at  a  bright  red  heat,  when  the  loss 
of  weight  will  represent  the  water. 

INTERPRETATION  OF  ANALYSES. 

The  point  in  an  analysis  of  a  clay  to  which  attention  should 
first  be  given  is  the  relation  between  the  percentage  of  silica 
and  the  sum  of  the  alumina  and  the  iron  oxide.  Experience 
has  shown  that, 

SiOs 

should  be  <  3.57  and  >  2.0, 

AI2O3  +  FeaOs 

in  order  that  a  proper  mixture  may  be  made  with  a  pure  lime- 
stone. The  magnesia  must  not  run  over  5  to  6  per  cent.  The 
allowable  maximum  of  alkalis  and  sulphur  is  3  per  cent.  Textur- 
ally  the  clay  should  be  fine-grained,  and  contain  less  than  one 
per  cent  of  free  silica  as  sand  or  chert,  since  particles  larger  than 
150-mesh  will  not  easily  enter  into  combination  with  lime. 

So  far  as  the  complete  chemical  analysis  tells  us,  we  learn 
nothing  of  the  state  of  combination  in  which  any  of  the  oxides 
determined  exist.  It  is  especially  necessary  to  know  whether 
the  silica  is  present  in  available  condition  to  combine  with  lime 
in  burning.  The  decomposition  of  sUioates  by  heating  with  lime 
carbonate  to  a  red  heat  is  practiced  in  quantitative  analysis  in 
the  determination  of  alkalis  in  silicates  by  the  J.  L.  Smith  pro- 
cess. Thifi  principle  has  been  applied  by  Professor  Lunge  and 
Dr.  Sehodhor  in  Germany  in  the  investigation  of  marls  for 
cement  manufacture.  They  showed  that  lime  attacks  most 
readily  the  combined  silica  and  that  present  in  a  fine  state  of 
division,  and  that  an  expression  of  the  cement-making  value 
of  the  marls  might  be  thus  obtained.  Professor  Edward  Orton, 
Jr.,  has  applied  the  same  process  to  the  investigation  of  clays* 
by  which  means  a  value  is  obtained  which  may  be  termed  the 
hydraulic  factor.  In  Orton 's  work  a  fixed  proportion  of  one 
part  clay  to  four  of  pure  OaCOs  was  employed  and  the  mixture 
heated  to  1100°  C.  for  seventy-five  minutes.  The  latter  method 
with  slight  modifications  has  been  used  to  test  Iowa  clays. 


*  Bulletin  No.  S,  Ohio  Geological  Survey,  p.  120  et  seq. 
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It  is  evident  that  the  knowledge  gained  from  both  the  com- 
plefte  and  the  carbonate  analysis  is  of  mnch  greater  valne  than 
the  results  of  either  alone.  So  far  as  U3ed,  iflie  Orton  method 
is  regarded  as  furnishing  the  most  reliable  obtainable  data  as  to 
the  availability  of  "a  clay,  without  an  actual  burning  test.  Prac- 
tical application  has  not  yet  proven  that  clays  which  appear 
unfavorable  under  this  treatment  will  be  unsuitable  as  a  cement 
material.  A  wider  use  will  be  required  to  demonstrate  this 
point.  It  is  known,  however,  that  some  days  that  have  tested 
favorably  by  the  method  have  proved  satisfactory  in  practice. 

The  tests  made  by  the  Ohio  Geological  Survey  and  the  present 
experiments  indicate  that  there  is  an  intimate  relation  between 
the  chemical  and  physical  condition  of  the  minerals  composing 
clays  and  the  value  of  the  latter  for  cement  manufacture.  The 
carbonate  analysis  seems  the  most  satisfactory  means  yet  sug- 
gested of  expressing  this  relation. 

DETERMINATION  OF  HYDRAULIC  FACTOR. 

The  clay  to  be  tested  was  crushed  to  one-eighth  inch  in  a 
small  roll- jaw  crusher.  One  hundred  grams  were  weighed  ap- 
proximately and  disintegrated  by  boiling.  l%e  sample  was  then 
put  on  a  40-mesh  sieve.  The  over  size  was  intimately  mixed 
with  that  passing  through  the  sieve  before  the  sample  for  burn- 
ing was  taken.  As  it  is  essential  that  the  natural  grain  of  the 
clay  be  not  altered,  no  pulverizing  was  done,  except  such  as 
was  necessary  to  break  the  lumps  before  screening,  and  this 
only  with  the  fingers  or  by  boiling  and  rubbing  with  a  soft 
rubber  pestle. 

Two  grams  of  the  prepared  clay  were  weighed  on  a  watch 
glass  and  enough  calcium  carbonate  added  to  make  a  mixture 
of  one  part  clay  to  four  parts  CaCOs.  Absolutely  exact  propor- 
tions are  found  not  to  be  necessary,  so  long  as  there  is  an 
excess  of  the  carbonate.  One  to  four  is  found  ample,  and  in 
order  to  give  the  clays  uniform  and  comparable  treatment  was 
adhered  to  throughout.  Allowance  was  therefore  made  for  the 
lime  which  is  practically  always  present  in  clays  in  greater  or 
less  quantity.  To  illustrate  the  method  of  making  this  correc- 
tion, suppose  a  clay  contains  five  per  cent  CaCOa.  Two  grams 
contain  0.1  g.  of  the  carbonate. 
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2.0  —  0.1  =  1.9  grams  of  the  other  clay  ingredients  present. 

1.9  X  4  =  7.6  grams  of  CaCOs  required  to  make  a  1  to  4  mix- 
ture. 

7.6  —  0.1  =  7.5  grams  of  CaCOs  required  to  add  to  2  grams  of 

the  clay  to  make  the  desired  mixture. 

The  calcium  carbonate  and  clay  were  well  mixed  on  glazed 
paper  and  placed  in  a  50  c.c.  platinum  crucible.  Enough  water 
was  added  to  make  a  thin  slip  which  wias  stirred  and  the  mass 
evaporated  to  dryness.  The  burning  was  done  over  a  blast  lamp 
in  a  small  cylindrical  furnace  of  the  Erdman  type.  It  was 
found  inconvenient  to  maintain  as  high  a  heat  (1100**  C.)  as 
recommended  by  the  Ohio  Geological  Survey.  The  temperature 
employed  varied  from  950**  C.  to  1060"  C.  and  the  heating  con- 
tinued for  seventy  minutes  after  the  maximum  temperature 
was  reached. 

The  temperature  to  be  used  in  the  test  should  be  sufficiently 
high  to  bring  into  soluble  form  the  maximum  amount  of  silicate 
and  yet  remain  safely  below  the  limit  where  sintering  or  actual 
clinkering  begins.  In  the  subsequent  treatment  with  acid  and 
alkali  the  mass  should  disintegrate  completely,  which  would 
not  be  the  case  had  chemical  combination  progressed  to  the 
fusing  or  slag  stage.  Temperatures  below  this  limit  will  give 
relatively  smaller  amounts  of  soluble  residue,  but  will  afford 
results,  nevertheless,  that  are  strictly  comparable  for  the  clays 
treated. 

After  heating  at  the  temperature  stated  for  seventy  minutes 
the  mass  was  removed  from  the  crucible  and  digested  for  five 
hours  in  hot  dilute  (1  :  3)  hydrochloric  acid.  The  insoluble  mat- 
ter was  filtered  out  and  treated  with  a  ten  per  cent  hot  solution 
of  NazCOs  until  no  flocculent  silica  was  observed  on  testing 
with  ammonium  chloride.  The  insoluble  was  given  a  final  wash- 
ing with  twenty  per  cent  hydrochloric  acid  solution,  ignited  and 
weighed.  The  weight  of  the  undissolved  residue  divided  by 
two  (since  two  grams -of  clay  were  taken)  gives  the  percentage 
of  insoluble  or  the  hydraulic  factor. 

The  first  trials  of  thj^^,  method  with  Iowa  clays  are  not  strictly 
comparable  with  the  Onio  Survey  work  since  the  conditions  of 
burning  were  modified  ito  some  extent.  The  value  of  the  results, 
therefore,  can  be  determined  by  employing  as  a  standard  the 
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figures  obtained  from  tests  of  clays  which  are  now  in  use  and 
known  to  give  satisfaction  in  the  manufacture  of  standard 
brands  of  Portland  cement.  For  this  purpose  a  sample  of  the 
shale  used  at  the  Lehigh  Cement  Company's  Mill  C  at 
Mitchell,  Indiiana,  was  similarly  tested  and  the  factor  included  in 
the  table  appended.  It  will  be  noted  that  the  hydraulic  factor 
runs,  in  those  clays  which  were  at  all  favorable,  from  .2645  to 
.22,  while  the  Mitchell  shale  gave  .227. 

In  a  later  series  of  tests  made  in  1907  somewhat  more  uni- 
form temperatures  were  employed,  ranging  between  1000  and 
1060'  C.  The  results  of  these  tesrts  appear  as  the  last  five  mem- 
bers in  the  appended  table.  It  will  be  noted  that  the  minimum 
value  of  the  hydraulic  factor  is  .1053,  in  the  case  of  the  shale 
from  Panora,  Iowa. 

CALCULATION  OF  CEMENT  MIXTURES. 

Experience  has  shown  that  the  raw  materials  for  cement 
must  be  blended  in  certain  proportions,  which  range  within  nar- 
row limits,  in  order  to  produce  a  high  grade  and  uniform  prod- 
uct. These  proportions  depend  on  the  results  already  obtained 
by  chemical  analysis  of  the  clay  and  limestone  or  marl  to  be 
used  and  are  calculated  from  the  percentage  compositions  of 
these  ingredients.  A  lack  of  agreement  among  investigators 
as  to  the  final  constitution  of  the  cement  clinker  has  given  rise 
to  somewhat  varying  methods  of  proportioning  the  ingredients 
in  the  raw  mixture.  The  methods  employed  are  best  illustrated 
by  examples.  E.  C.  Eckel*  expresses  the  relation  between  the 
argillaceous  and  calcareous  materials  by  the  following  ratio 
which  is  termed  the  Cementation  Index. 

(2.8  X  percentage  silica  (SiO,))  -f-  (1.1  x  percentage  alumina  (Al. 

O,) )  X  (.7  X  percentage  iron  oxide  (Fe,0,) ). 

(Percentage  lime  (CaO) )  +  (1.4  x  percentage  magnesia  (MgO) ). 

*  Cements,  LimeB  and  Plasters,  Wiley  &  Sons,  p.  891. 
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The  proper  proportions  are  present  when  ihis  ratio  is  equal 
to  unity.  If  the  value  falls  below  1.0,  free  lime  or  magnesia 
will  be  present ;  if  it  rises  above  1.0,  there  is  a  deficiency  of  lime. 
Based  on  the  above  relations  the  process  of  calculation  would 
be  as  follows : 

Analysis  of  Raw  Materials. 


SHALE  FROM  GLENDON.  IOWA. 

SiO, 48.91 

Al.Oa 17.66 

Fe.O, 6.62 

CaO 8.42 

MgO. 1.90 

K,0  -f  Na.0 4.05 

Lo88  on  if^nition 1 1.83 


LIMESTONE  FROM  EARLHAM.  IOWA. 

Insoluble  siliceous 7.85 

Al.Oa  -f  Fe.Oa 1.00 

CaO 51.05 

MgO 29 

COj, 40.43 


Operation  1.  Multiply  the  percentage  of  silica  in  the  clayey 
material  by  2.8,  the  percentage  of  alumina  by  1.1,  and  the  per- 
centage of  iron  oxide  by  0.7;  add  the  products;  subtract  from 
the  sum  thus  obtained  the  percentage  of  lime  oxide  in  the  clayey 
material  plus  1.4  times  the  percentage  of  magnesia  and  call  the 
result  n. 

Operation  2.  Multiply  the  percentage  of  silica  in  the  calca- 
reous material  by  2.8,  the  percentage  of  alumina  by  1.1,  and  the 
percentage  of  iron  oxide  by  0.7 ;  add  the  products  and  subtract 
the  sum  from  the  percentage  of  lime  oxide  plus  1.4  times  the 
percentage  of  magnesia  in  the  calcareous  material;  call  the  re- 
sult m. 

Operation  3.  Divide  n  by  m.  The  quotient  will  be  the  number 
of  parts  of  calcareous  material  required  for  one  part  of  clayey 
material. 

The  clay : 

(Silica)  48.91  X  2.8  ~  136.95 

(Alumina)      17.66  X  1.1  —    19.37 
(Iron  oxide)    6.62  X  0.7  —      4.63 


160.95 

(Lime) 

8.42 

(Magnesia) 

1.90  X  1.4  =    2.66 

11.08 
160.95  —  11.08  —  149.87  —  n. 
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The  limestone: 

(Siliceous  matter)  7.85  X  2.8  =  21.98 

(Alumina  +  iron  oxide)     1 .00  X  1 . 1  «    1 .  10 


23.08 

(Lime)  51.05 

(Magnesia)  .29  X  1.4  =      .41 


51.46 


51.46  —  23.08  =  28.38  r=  m.     Then, 

—  =^    ^^'^^=5-28  parts  limestone  bv  weight  to  be  used  for  each 
7n         28.38  ^  •  ^ 

part  of  clay.    In  practice,  it  has  been  found  best  to  reduce  the 

amount  of  limestone  about  ten  per  cent  from  that  obtained  by  the 

formul-a  since  the  latter  stands  for  the  highest  quantity  of  lime 

that  will  theoretically  combine  with  the  clay. 

Bleininger  gives  the  following  method  of  batch  calculation.* 
The  Glendon  shale  and  Earlham  limestone  whose  analyses  are 
given  above  are  used. 

The  formula  assumed  for  the  burned  product  is :  (2.8CaO)  SiOz- 
(20aO)  AI2O3,  which  requires  for  each  part  by  weight  of  silica 
4.66  parts  of  calcium  carbonate,  and  for  each  part  of  alumina, 
two  parts  of  the  lime  carbonate.    Therefore, 

(Silica)  48.91  x  4.66  =  227.92 

(Alumina  +  iron  oxide)  24.28  x  2.00  =    48.56 

276.48   lime    carbonate   to 
satisfy  the  silica  and  alumina  of  the  clay. 

The  claj^  already  contains  8.42  per  cent  OaO  {=  15.03  calcium 
oarbona4;e)  which  it  will  contribute  to  the  mixture  and  which 
must  therefore  be  subtracted.  At  the  same  time,  the  limestone 
contains  silica,  alumina  and  iron  oxide  which  must  be  taken  into 
account.    We  have  therefore, 

276.48  —  15.03  =»  261.45  parts  calcium  carbonate  to  be  added  to 
the  clay;  and  from  limestone  analysis,  calcium  carbonate,  91.15 
{=  51.05  X  1.785)  —  (7.85  X  4.66  +  1.00  X  2)  =  52.57. 

7.85  X  4.66  +  1.00  X  2  ==  38.58  parts  of  lime  carbonate  that  will 
combine  with  the  other  ingredients  of  the  limestone. 

Total  lime  carbonate  in  the  limestone,  91.15  —  38.58  =-»  52.57 
parts  calcium  carbonate  available  from  the  stone.     261.45  parts  are 

*  Bulletin  8  (4th  series) »  Ohio  Geological  Survey,  p.  239. 
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required.     The  amount  by  weight  of  limestone  for  one  part  of  clay 
is  261.45  divided  by  52.57  =  4.97. 

In  the  above  calculations  the  magnesia  is  neglected  and  the 
ferric  oxide  is  taken  with  the  alumina.  Where  these  constitu- 
ents are  low  in  amount  such  procedure  is  permissible  but  it  has 
been  shown  that  the  influence  of  iron  and  magnesia  is  such  that 
they  should  have  separate  consideration.  They  are  thus  com- 
prehended in  the  formula  given  on  page  85,  and  to  this  extent 
the  first  method  of  calculation  is  the  more  accurate. 

The  two  methods  given  are  applicable  for  determining  the  cor- 
rect proportion  in  which  to  blend  new  and  unused  raw  materials 
as  well  as  a  means  of  control  over  mixtures  already  in  use.  In 
the  latter  instance,  however,  more  rapid  means  are  commonly 
employed.  Experience  with  given  materials  wUl  determine  the 
limits  within  which  they  may  vary  and  still  afford  a  satisfactory 
cement.  The  total  amount  of  the  lime  and  magnesium  carbonates 
is  frequently  made  the  basis  of  control.  Their  percentages  are 
quickly  ascertained  by  the  chemist  and  the  limestone  or  marl  and 
the  clay  apportioned  accordingly.  Bleininger*  gives  the  follow- 
ing formula  for  calculating  the  daily  mixture  after  once  the  best 
proportion  of  a  mixture  has  been  established,  which  depends 
essentially  on  the  calcium  oxide  in  the  raw  materials : 

Let  X  =  weight  of  limestone  in  charge 
y  =*  weight  of  clay  in  charge 
a  -=  per  cent  of  calcium  oxide  in  the  limestone 
b  -=  per  cent  of  calcium  oxide  in  the  clay 
c  =-*  per  cent  of  calcium  oxide  in  the  mixture. 

Then  c  -  5£±bZ  or  x(a  -  c)  -  y  (c  -  b)  or  ?  -  ?-^. 

X  +  y  y       a-c 


•  Bulletin  8  (4th  sertes) ,  Ohio  Geological  Survey,  p.  2A2. 
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CHAPTER  II 


'    (iENERAL   CONSIDERATIONS. 

The  lime  of  commerce  is  produced  by  the  calcination  of  lime- 
stone and  varies  in  composition  and  purity  as  do  the  limestones 
themselves.  The  latter  range  from  practically  pure  calcimn 
carbonate  (CaCOs)  to  the  sandy  and  clayey  limestones  in  which 
the  impurities  compose  a  large  percentage  of  the  rock.  Again, 
the  calcium  may  be  in  part  replaced  by  magnesium  which  gives 
the  magnesian  limestones.  If  this  replacement  has  taken  place 
to  the  extent  that  magnesia  (MgO)  comprises  18  to  20  per  cent  of 
the  stone,  the  term  dolomitic  limestone  is  more  commonly  ap- 
plied. 

A  limestone  composed  essentially  of  CaCOs  will  furnish  a  high 
grade  of  quicklime,  one  containing  little  else  than  CaO ;  one  com- 
posed of  CaCOs  with  a  greater  or  less  percentage  of  MgCOs  will 
afford  a  magnesian  or  dolomitic  lime;  while  the  argillaceous 
limestones  will  give  a  product  of  a  degree  of  purity  depending 
on  the  amount  of  clay  in  the  original  stone.  The  properties  of 
the  resulting  limes  will  vary  according  to  their  composition. 

Limestones  are  widely  distributed  in  nature,  both  geograph- 
ically and  geologically.  They  are  found  interbedded  with  and 
overlapping  other  common  sedimentary  strata,  and  they  have 
been  produced  in  much  the  same  way  as  other  sediments.  Good 
reasons  are  readily  conceived  why  they  should  be  apt  to  partake 
of  the  nature  of,  and  to  grade  into  or  be  contaminated  with,  other 
sedimentary  materials.  It  is,  nevertheless,  not  at  all  uncommon 
to  find  limestones  that  run  over  90  per  cent  lime  carbonate,  and 
occasionally  as  high  as  98  or  99  per  cent.  The  analyses  of  hine 
samples  of  non-dolomitic  Iowa  limestones  show  a  range  of  from 
82.5  to  97.02  per  cent  carbonate  of  lime,  three  of  the  nine  samples 
showing  over  90  per  cent. 

(95) 


96  PHYSICAL  TESTS  OF  IOWA  LIMES. 

As  indicated,  limestones  depart  in  composition  most  commonly 
in  the  content  of  magnesia  and  in  the  clay  and  sand  impurities. 
The  effect  of  these  substances  on  the  resulting  lime  is  of  so  much 
importance  that  they  may  be  given  separate  consideration. 

WHITE   VERSUS   BROWN   LIMES. 

A  pure  limestone  when  burned  changes  to  calcium  oxide  (CaO) 
by  the  loss  of  carbon  dioxide  (OO2)  gas.  The  resulting  lime  is 
the  white  lime  of  commerce.  It  slakes  readily  and  rapidly,  with 
the  evolution  of  much  heat  and  becomes  a  perfectly  white  paste. 
The  chemical  reaction  in  slaking  is : 

Quicklime  Water  Slaked  lime 

CaO  +  H,0        =         Ca(OH)g      4-      heat 

This  reaction  with  CaO  furnishes  with  maximum  intensity  all 
of  the  evidences  of  the  chemical  change  which  is  taking  place. 
Any  impurities  in  the  quicklime,  which  may  have  been  present  in 
the  limestone,  tend  to  retard  and  to  make  less  vigorous  the  slak- 
ing process,  but  the  quantity  of  the  impurity  must  be  consider- 
able before  any  pronounced  interference  will  be  noticeable. 

Dolomitic  limestones  are  very  common  and  produce  limes  that 
slake  slowly,  evolve  less  heat  and  are  of  a  gray  or  brown  color. 
Over  ten  per  cent  of  MgO  must  be  present  to  appreciably  alter 
the  properties  of  a  lime.  Limes  containing  less  than  10  per  cent 
MgO  are  accordingly  spoken  of  as  magnesian  limes,  while  those 
with  over  10  per  cent  are  properly  called  dolomitic  or  brown 
limes.  Dolomitic  limes  produced  from  Iowa  limestones  range 
in  magnesia  content  from  15.23  to  35.73  per  cent  in  the  marketed 
product. 

With  reference  to  the  amount  of  magnesia  contained,  therefore, 
limes  may  be  classified;  (a)  hot,  white  or  high-calcium  limes 
when  MgO  is  below  10  per  cent;  and  (b)  cool,  brown,  or  dolo- 
mitic limes  when  MgO  is  over  10  per  cent.  The  value,  properties 
and  adaptability  of  the  two  classes  will  be  briefly  treated  later. 

WHITE   VERSUS   ARGILLACEOUS    AND   SILICEOUS    LIMES. 

Limestones  which  contain  clayey  matter  produce  limes  that 
are  gray  in  color  and  less  vigorous  in  their  action  than  the  pure 
white  limes.    Sand  or  other  siliceous  impurities  in  the  lime  do 
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not  ordinarily  exert  any  influence  on  its  physical  properties,  act- 
ing simply  as  la  diluent  in  the  same  way  that  sand  does  in  a  mor- 
tar. Should  the  latter  be  excessively  fine,  however^  it  may  be- 
come susceptible  to  chemical  combination  with  the  lime  if  high 
temperatures  are  employed  in  the  burning.  As  the  amount 
of  sand  and  clay  increases,  limestones  are  called  sandy  or  arena- 
ceous and  argillaceous,  and  when  these  materials  become  the 
predominant  constituents,  the  rock  passes  into  calcareous  or  limy 
sandstones  and  shales. 

The  presence  of  a  small  proportion  of  the  above  named  im- 
purities causes  limes  to  become  hydraulic,  that  is,  to  possess  the 
property  of  hardening  under  water,  by  the  gradual  taking  of 
water  into  chemical  combination.  When  the  quantity  of  clayey 
impurities  in  the  limestone  reaches  6  per  cent,  they  begin  to  pro- 
duce hydraulicity.  Below  6  per  cent  the  only  noticeable  effect 
is  in  the  retardation  of  slaking.  Limestones  carrying  6  to  12 
per  cent  furnish  limes  that  are  cool  and  slow  slaking,  gray  in 
color  and  make  the  best  of  mortar  if  burned  at  ordinary  lime  kiln 
temperatures.  There  is,  however,  much  greater  danger  of  over- 
burning  than  in  the  case  of  white  limes  as  the  clay  has  a  tendency 
to  combine  with  the  lime,  which  decreases  its  value  unless  finely 
ground.  Fifteen  to  twenty-five  per  cent  of  clay  renders  a  lime 
strongly  hydraulic  if  properly  burned,  but  care  is  required  to 
avoid  overbuming  and  consequent  clinkering.  If  clinkering  is 
permitted  to  take  place,  the  product  is  found  to  possess,  after 
fine  grinding,  a  hydraulicity  greater  than  that  of  the  hydraulic 
limes  and  similar  to  cement,  which  propertj^  becomes  more  prom- 
inent the  greater  the  clay  content  and  the  higher  the  temperature 
of  burning.  The  limit  at  present  is  Portland  cement  in  which  the 
raw  materials  are  artificially  blended  and  thoroughly  clinkered 
at  very  high  temperatures. 

It  is  clear,  therefore,  that  limes  are  but  one  end  of  a  series  of 
products  of  which  Portland  cement  is  the  other.  The  dividing 
lines  separating  the  various  members  of  the  series  that  are  put 
upon  the  market  are  to  some  extent  arbitrary.  The  following 
four  divisions  are  commonly  referred  to : 

1.  Common  or  fat  limes. 

2.  Hydraulic  limes. 
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3.  Hydraulic  or  Roman  cements. 

4.  Portland  cement. 

The  points  of  distinction  between  1  and  2  have  been  noted.  In 
composition,  2  and  3  are  not  separable.  By  an  increased  temper- 
ature in  burning  some  hydraulic  limes  will  become  hydraulic 
cements.  Twenty-four  per  cent  of  clay  is  about  the  permissible 
upper  limit  for  the  hydraulic  limes,  while  Roman  cements  are  in 
use  which  contain  but  little  over  20  per  cent  of  clayey  impurities. 
The  chief  distinguishing  feature  of  these  two  groups  lies  in  the 
ability  of  the  limes  to  slake  to  a  paste  with  water  without  pre- 
vious pulverization.  Fine  grinding  is  necessary  before  water 
will  affect  appreciably  Roman  cements  and  before  they  will 
harden  as  a  mortar. 

The  feeble  hydraulicity  of  the  limes  and  the  relatively  strong 
of  the  cements  appears  to  be  due  to  the  varying  degree  to  which 
chemical  combination  has  been  brought  about  in  burning.  In 
lime  burning,  little  if  any  chemical  action  occurs  between  the 
lime  and  the  clay.  What  does  take  place  tends  to  produce  an 
unstable  or  '* unlocked"  condition  of  the  clay  and  other  siliceous 
materials  such  that,  in  the  presence  of  water,  the  lime  hydrate 
slowly  attacks  these  and  combines  with  them  to  form  silicates 
that  are  harder  and  more  durable  than  ordinary  lime  mortar. 
Clinkering  in  burning,  is  an  indication  of  chemical  action,  fur- 
ther progress  in  rendering  available  and  susceptible  to  the  attack 
of  the  lime  and  water  the  clay  and  other  siliceous  substances  in 
the  stone.  Burned  to  this  condition,  the  product  is  properly 
termed  a  cement  and  in  use  attains  a  stony  hardness  and  rela- 
tively great  permanency. 

Hydraulic  or  Roman  cements  are  spoken  of  also  as  natural  or 
rock  cements,  since  they  are  made  from  limestones  in  which  the 
ingredients  occur  naturally  in  the  proper  proportions.  Such 
limestones  are  found  in  different  parts  of  the  United  States, 
but  have  been  utilized  principally  in  the  Appalachian  states  of 
the  Bast  and  along  the  Ohio  river.  The  actual  composition 
ranges  between  wide  limits  as  shown  in  the  table  below  in  which 
are  compiled  the  analyses  of  five  reputable  brands  of  natural 
cements : 
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Analyses  of  Nattvral  Cements. 
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"Fern  leaf"  brand,  Louisville,  Ky.;  26.4 

N.  L.  &  C.  Co.,  Rosendale,  N.  Y..  30.5 

'•Hoffman,"  Rosendale,  N.  Y '  27.3 

Utica  brand,  Utica,  111 I  27.6 

Mankato,  Minn i  28.43 


6.28 

l.OO 

6.84 

2.42 

7.14 

1.80 

10.60 

0.80 

6.71 

1.94 

45.22 
34.38 
35.98 
33.04 
36.31 


9.00 

4.24 

18.00 

3.98 

18.00 

6.80 

7.26 

7.42 

23.89 

1.80 

7.86 
3.78 
2.98 
2.00 
0.92 


Nuinbers  3  and  4  in  the  outline  on  page  98,  bear  to  some  extent 
a  similar  relation  to  that  briefly  given  for  2  and  3.  A  more 
complete  vitrification  of  the  ingredients  in  the  cement  mixture 
until  they  issue  from  the  kiln  as  thoroughly  vitrified  clinker 
produces  the  maximum  amount  of  hydraulic  silicate.  The  chem- 
ical changes  which  occur  in  burning  are  complicated  and  become 
more  so  the  higher  the  temperature  over  that  employed  in  the 
manufacture  of  natural  cement.  JuBt  what  these  changes  are  is 
not  accurately  known,  but  experimentation  has  determined 
within  fairly  narrow  limits  what  proportions  of  the  various  con- 
stituents entering  into  a  mixture  of  clay,  silica  and  limestone 
will  produce  the  greatest  amount  of  unstable,  hydraulic  silicate, 
and  what  temperatures  are  required  to  accomplish  this  result. 
These  proportions  and  temperatures  are  employed  in  the  manu- 
facture of  Portland  cement  and  are  considered  in  Chapter  I. 

The  foregoing  remarks  will  serve  to  show  the  relation  of  limes 
as  a  mortar  material  to  other  substances  used  for  similar  pur- 
poses.  This  paper  has  to  do  with  limes  alone  and  the  several 
physical  properties  of  the  latter  that  are  of  chief  importance  will 
be  briefly  discussed. 

SLAKING. 

The  property  belonging  to  limes  which  makes  them  of  indus- 
trial value  is  their  ability  to  slake  or  crumble  to  a  powder  on  the 
addition  of  water,  and  to  harden  when  allowed  to  stand  in  con- 
tact with  the  atmosphere.  The  reaction  which  occurs  in  slaking 
has  already  been  given.  If  a  lime  is  properly  burned,  all  lime 
carbonate  in  the  original  stone  has  lost  its  carbon  dioxide,  and 
becomes  quicklime  (OaO).    It  is  the  rapid  change  accompanied 
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by  the  evolution  af  heat  when  water  is  added  that  causes  lime  to 
slake.  Slaking  is  a  phy-sical  evidence  of  the  hydration  of  lime, 
but  it  is  not  to  be  understood  tiiat  slaking  is  a  necessary  result 
of  such  chemical  action.  The  two  processes  are  really  distinct. 
The  exposure  of  caustic  lime  to  a  moist  atmosphere  occasions 
slow  hydration,  accompanied  by  crumbling  to  a  powder.  Along 
with  this  change  occurs  an  increase  in  volume  of  about  1%  times 
that  of  the  original  lime.  Such  lime  is  air-slaked  and  is  largely 
changed  to  the  hydroxide  Ca(0H)2.  If  this  lime  be  exposed  to 
water,  it  will  further  increase  in  volume,  but  the  paste  resulting 
will  be  sharp  and  sandy  in  texture,  and  of  much  less  value  for 
mortar  purposes  than  freshly  slaked  lime.  In  this  case  a  portion 
of  the  CaO  has  no  doubt  combined  with  the  CO2  of  the  air,  so  that 
air-slaked  lime  is  actually  a  mixture  of  lime  hydrate  and  car- 
bonate. It  is  possible  also  to  bring  about  the  complete  hydration 
of  lime  by  steam  at  temperatures  above  boiling,  without  any 
change  of  volume  or  any  sign  of  crumbling. 

Slaking  may  therefore  be  defined  as  the  hydration  of  calcium 
oxide,  quick-lime,  accompanied  by  an  increase  in  temperature 
and  volume.  The  increase  in  temperature  is  caused  by  the  com- 
bination of  the  lime  and  water.  It  is  an  exothermic  reaction,  one 
in  which  heat  is  evolved.  Whether  or  not  this  heat  becomes 
evident  depends  on  the  vigor  and  rapidity  of  the  reaction. 

Slaking  is  commonly  accomplished  by  the  addition  of  sufficient 
water  to  cover  the  lime,  and  by  further  additions  as  needed.  It 
is  desirable  from  the  practical  standpoint  that  the  greatest 
pK>ssible  increase  in  volume  be  secured  in  slaking.  This  is  ac- 
complished by  careful  control  of  the  amount  of  water  throughout 
the  process.  The  evolution  of  heat  in  such  quantities  as  to  gen- 
erate steam  within  the  mass  is  a  necessity  to  the  slaking  process. 
At  the  same  time,  more  water  than  simply  that  required  for 
hydration  is  essential.  It  is  the  expansion  of  the  steam  between 
the  molecules  of  hydrating  lime  which  forces  them  apart  and 
causes  the  mass  to  crumble.  As  the  particles  are  separated,  the 
surrounding  excess  of  water  acts  to  remove  them,  as  in  the  case 
if  any  fine  sediment,  and,  as  they  settle  away  in  partial  suspen- 
sion, new  surfaces  of  the  lime  are  constantly  exposed.  A  large 
excess  of  water  prevents  proper  slaking  by  keeping  the  temper- 
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atnre  so  low  that  the  necessary  steam  does  not  form.  The  mass 
then  expands  poorly,  slakes  -slowly,  and  the  product  is  lumpy. 
The  lime  is  said  to  be  '^drowned". 

The  result  of  too  little  water  is  a** 'burnt"  lime.  In  this  case, 
the  water  forms  a  gelatinous  film  of  hydroxide  over  the  surface 
of  the  Immps  which  dries  down,  enclosing  caustic  quick-lime  in 
the  center,  and  so  clogs  the  pores  that  further  progress  is  much 
retarded  or  prevented.  When  too  little  water  is  used,  the  initial 
action  is  apt  also  to  be  so  violent  in  the  case  of  ''fat''  limes,  that 
much  or  all  of  the  moisture  passes  off  as  a  vapor,  because  of  the 
excessive  temperature. developed.  This  frequently  leaves  the 
lime  but  partially  hydrated,  dry,  and  imperfectly  slaked. 

Dolomitic  limes  slake  more  slowly  and  at  a  much  lower  tem- 
perature than  high-calcium  limes.  The  heat  generated  is  due  to 
the  hydration  of  the  calcium  oxide,  the  magnesia  remaining  as 
the  oxide  during  slaking.  Although  magnesium  oarbonate  loses 
CO2  at  a  lower  temperature  in  burning  than  does  the  carbonate 
of  lime,  it  hydrates  only  with  diflSculty  and  probably  passes  di- 
rectly from  oxide  to  carbonate  in  the  hardening  process.  It  is 
thus  necessary  to  add  the  water  required  very  gradually  in  slak- 
ing dolomitic  limes  in  order  to  avoid  "drowning"  and  to  secure 
the  best  results. 

The  proper  amount  of  water  to  use  varies,  and  oan  be  ascer- 
tained for  each  individual  lime  only  by  actual  trial.  It  is  usually 
found  more  satisfactory  to  add  the  water  in  several  different 
portions  as  slaking  progresses,  especially  with  the  lean,  slow 
slaking  and  dolomitic  limes.  In  this  way,  by  a  little  attention, 
the  temperature  of  the  slake  can  be  controlled  so  that  the  best 
product  is  obtained  from  the  lime  in  use. 

The  expansion  of  volume  in  slaking  may  be  as  high  as  3V^ 
times  with  pure  white  limes.  It  is  found  to  range  from  2V1>  to 
the  figure  named.  Lean,  so  called  hydraulic  limes,  and  dolomitic 
limes  expand  less.  Increase  in  volume  is  ordinarily  estimated 
by  a  comparison  of  the  bulk  of  the  dry  quack-lime  and  of  the 
paste  after  slaking.  Careful  experiments  with  samples  of  both 
high-calcium  and  dolomitic  limes  made  by  the  Ohio  Geological 
Survey*  show  an  increase  in  apparent  volume  for  the  white  limes 
of  from  136  per  cent,  using  20  per  cent  less  water  than  theoret- 

*S.  v.  Peppel,  Bulletin  I,  Ohio  Geol.  Survey  (4th  serlea).  p.  887. 
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ically  necessary  for  hydration,  up  to  264  per  cent  with  40  per 
cent  excess  of  water.  With  300  per  cent  excess,  the  increase  wfl« 
but  45  per  cent.  The  comparison  was  made  between  the  apparent 
volumes  of  the  ground  quick-lime  and  of  the  dry  hydrate  pro- 
duced. Under  the  same  conditions,  a  dolomitic  lime  gave  193 
per  cent  expansion  with  a  deficiency  of  20  per  cent  of  water,  of 
210  per  cent  with  the  exact  theoretical  quantity  of  water,  and  of 
but  about  20  per  cent  with  an  excess  of  water.  The  increase  in 
volume  is  decidedly  in  favor  of  the  white  lime,  the  smaller  ex- 
pansion of  the  dolomitic  lime  being  accounted  for,  no  doubt,  by 
the  fact  that  the  magnesia  takes  up  very  Jittle  water  in  the  slak- 
ing process. 

The  actual  increase  is,  as  a  matter  of  fact,  more  apparent  than 
real.  The  calcium  hydroxide  produced  from  a  weighed  amount 
and  accurately  determined  volume  of  calcium  oxide  will  occupy 
a  space  but  35  to  40  per  cent  greater  than  the  volume  of  the  oxide. 
Few  experiments  have  been  made  along  this  line  and  the  above 
figures  were  obtained  with  a  high  grade  white  lime  by  the  use  of 
the  Seger  vplumeter. 

If  allowed  to  stand  in  the  air  lime  deteriorates  by  the  process 
of  air-slaking  already  described.  It  also  slowly  absorbs  carbon 
dioxide,  which  renders  it  of  little  value  for  mortar.  After  slak- 
ing, if  the  paste  is  not  to  be  used  at  once,  it  should  be  protected 
from  the  atmosphere,  since  moist  lime,  hydrate  changes  very 
readily  to  the  carbonate  by  the  absorption  of  CO2.  Slaked  lime 
is  very  commonly  buried  so  a-s  to  be  covered  with  several  inches 
of  soil,  where  it  will  keep  for  months  without  deterioration. 

Owing  to  the  susceptibility  to  deterioration  of  the  high^jalcium 
limes  on  the  one  hand,  and  the  exceeding  slowness  with  which 
dolomitic  limes  slake  on  the  other,  so-called  ^^hydrated  limes'' 
are  being  put  upon  the  market.  The  quick-lime  is  subjected  to  a 
partial  hydration  or  slaking  at  once  after  burning  and  before 
being  sacked  or  barrelled.  The  completeness  of  the  hydration  in 
the  case  of  five  Ohio*  products  ranged  from  58  to  94  per  cent, 
100  being  taken  as  the  best  that  is  possible  on  a  commercial 
scale.  Specially  designed  and  patented  apparatus  and  processes 
are  being  employed  in  the  hydration  of  limes,  but  it  is  believed 
that  such  special  equipment  is  not  necessary,  nor  will  the  prep* 

*  S.  V.  Peppel.  Bulletin  4,  Ohio  Qeol.  Surrey,  pp.  335  and  336. 
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aration  of  hydrated  lime  without  doing  so  under  a  patent,  make 
any  person  liable  for  infringement.  So  far  as  known,  no  hy- 
drated lime  is  placed  on  the  market  from  Iowa  kilns. 

The  desirable  qualities  of  hydrated  lime  are:  (1)  its  conveni- 
ence in  use,  for  it  is  already  pulverized  and  but  little  time  is 
required  to  make  a  mortar  by  mixing  the  ingredients  dry  before 
adding  the  water;  (2)  its  lasting  qualities,  as  it  will  keep  much 
longer  without  detriment  than  the  unslaked  product.  Magnesian 
limes  are  more  commonly  prepared  in  this  way,  and  the  saving 
of  time  in  their  use  is  a  very  important  commercial  considera- 
tion. Hydrated  magnesian  limes  are  found  by  the  Ohio  Survey* 
to  have  specific  gravities  of  2.12  to  2.25.  High-calcium  limes 
run  about  2.45.  A  series  of  tests  with  an  Iowa  white  lime  gives 
specific  gravities  from  2.2  to  2.32  for  the  slaked  lime,  while  the 
quick  lime  is  2.08. 

SETTING   AND   HARDENING. 

In  slaking,  the  lime  takes  water  into  chemical  combination, 
and  becomes  the  gelatinous  hydroxide.  When  this  hydroxide  is 
put  in  place  as  a  mortar,  it  is  said  to  'set.  This  preliminary 
set  is  due  to  the  loss  of  the  water  used  in  mixing,  Vhich  brings 
about  a  certain  rigidity  in  the  same  way,  so  far  as  is  known,  that 
clay  becomes  hard  on  drying.  Part  of  the  moisture  evaporates 
from  exposed  surfaces,  but  the  larger  proportion  is  in  most  in- 
stances absorbed  by  the  porous  brick  or  other  masonry  material 
with  which  it  is  used.  The  more  rapid  the  set,  that  is,  the  more 
rapidly  the  mortar  loses  its  water,  the  safer  the  construction, 
providing  the  proportions  of  sand  and  lime  are  such  that  shrink- 
age may  be  left  out  of  account.  * 

A  second  process  begins  at  once  when  the  lime  is  exposed  to 
the  air.  This  is  the  absorption  by  chemical  combination  of  car- 
bon dioxide  by  which  the  lime  returns  to  the  carbonate  condition, 
as  it  existed  in  the  original  limestone.  The  process  is  a  slow 
one  and  may  require  years  for  completion,  but  this  depends 
largely  on  the  surface  that  is  exposed,  the  thickness  of  the  layer 
and  porosity  of  the  mortar.  A  large  number  of  chemical  tests 
on  small  briquettes  having  a  minimum  cross  section  of  one 
square  inch,  made  with  mixtures  of  sand  as  high  as  6  to  1,  and 
allowed  to  stand  for  a  maximum  period  of  one  year,  showed  none 

•S.  V.  Peppel,  loc.  cit.  . 
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in  which  carbonation  was  complete.  This  action  is  most  rapid 
in  the  first  few  months  until  a  crust  of  the  carbonate  forms  on 
the  exterior.  The  crust  retards  the  process  and  at  the  same 
time  protects  the  soluble  hydrate  within  from  being  dissolved. 
The  interior  portions  of  large  masses  may,  therefore,  never  reach 
this  final  condition  in  hardening. 

Long  contact  of  lime  hydrate  with  finely  divided  silica  is 
known  to  cause  a  reaction  by  which  the  silica  combines  with  the 
lime  forming  a  stable  silicate  of  lime.  The  extent  to  which  this 
reaction  progresses  depends  on  the  physical  and  chemical  quali- 
ties of  the  siliceous  impurities  in  the  lime  or  of  the  sand  used 
with  it.  If  these  are  very  fine,  chemical  action  is  favored.  Sili- 
cates, such  as  clay  or  feldspar,  for  example,  are  more  susceptible 
to  attack  by  the  lime  than  is  quartz  sand.  Hydraulic  limes  are  apt, 
therefore,  other  things  being  equal,  to  give  a  more  durable  final 
product  than  the  purer  limes.  In  the  same  way,  muddy  or  clayey 
sand  used  with  lime,  although  less  desirable  at  the  start,  will 
likely  contribute  to  the  durability  of  the  mixture  in  time  because 
of  the  development  of  these  stable  compounds  by  the  caustic 
action  of  the  lime.  In  the  case  of  silicates,  it  is  probable  that 
other  elements,  especially  alumina,  also  enter  into  combination. 

Lime  Mortar. 

Sand. — Lime  has  a  variety  of  uses  in  various  industries  but 
by  far  its  most  important  application  is  and  has  been  as  a  mortar 
in  structural  work,  interior  wall  plastering,  etc.  For  these  pur- 
poses,  slaked  lime  alone  c-an  not  be  used  on  account  of  the  great 
shrinkage  of  the  liiiie  paste  in  setting  and  its  lack  of  inherent 
strength  when  set.  It  is,  at  the  same  time,  economical  to  add 
some  foreign  material  which  is  cheaper  than  the  lime  itself.  The 
filling  material  commonly  employed  is  sand.  Most  sands  are 
composed  largely  of  quartz  grains,  although  fragments  of  feld- 
spar and  of  many  other  minerals  are  often  found  in  varying 
amounts  with  quartz.  There  is  often  also  more  or  less  of  earthy 
or  clayey  matter  in  sands. 

In  general,  it  may  be  said  that  the  composition  of  the  sand  is 
not  an  important  consideration.  Any  inert  substance  whic'h 
does  not  shrink  nor  deteriorate  may  be  used.    Ground  limestone, 
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for  example,  or  <the  pulverised  sand  from  any  durable  rock  will 
serve  the  purpose  equally  well. 

The  physical  condition  of  the  sand  is,  however,  of  considerable 
importance.  The  function  of  the  lime  is  to  serve  as  a  binder  to 
hold  the  particles  of  the  aggregate  together.  If  the^  particles 
are  angular  and  rough,  they  afford  good  surfaces  for  the  attach- 
ment of  the  lime.  Sharp  sand  will  therefore  make  a  stronger 
mortar  than  one  composed  of  rounded  grains.  Only  suflScient 
lime  is  required  to  fill  the  voids  and  to  form  a  thin  film  around 
each  grain  of  the  aggregate.  The  more  nearly  the  voids  are 
filled  with  the  sand  grains  themselves,  in  other  words,  the  smaller 
the  percentage  of  pore  space  in  the  sand,  the  less  the  amount  of 
lime  needed.  A  sand  composed  of  a  properly  proportioned  range 
of  sizes  of  grain  will  therefore  not  only  give  the  strongest 
product  but  will  do  so  with  the  least  amount  of  lime.  Few  sands 
as  they  occur  naturally  are  composed  of  the  proper  range  of 
sizes  to  give  the  smallest  pore  space.  It  is  sometimes  not  diffi- 
cult, and  often  may  be  a  matter  of  economy,  to  correct  a  poorly 
proportioned  sand  by  screening  or  by  the  addition  of  suitably 
graded  materials.  The  voids  in  a  sand  are  determined  readily 
with  simple  apparatus.*  Separation  into  a  series  of  sizes  is 
quickly  done  by  sieves  of  a  number  of  different  meshes.  These 
two  tests  afford  data  as  to  how  far  a  given  sand  departs  from 
the  ideal  mixture  of  grains  and  indicate  the  size  of  grain  and 
quantity  to  be  added  for  correction. 

The  sand  grains  should  be  practically  in  contact  throughout 
the  mass  so  that  the  lime  paste  forms  merely  a  plastic  film  fill- 
ing the  interstices.  Such  a  mortar  when  it  has  attained  its  final 
hardness  may  properly  be  regarded  as  sandstone  in  which  the 
cementing  matter  is  lime  carbonate.  It  differs  from  the  natural 
stone  only  in  its  position  and  origin,  being  as  strong,  if  properly 
made,  and  as  durable  as  that  quarried  from  natural  ledges. 

White  limes  shrink  much  more  in  drying  than  do  dolomitic 
limes.  For  this  reason  is  it  more  highly  important  that  the 
proper  proportion  of  sand  be  used  with  the  former.  The  bond- 
ing or  adhesive  power  of  white  limes  is  also  less.  This  is  evi- 
denced in  walls  where  the  mortar  separates  readily  from  the 

*  standard  sand  for  Cement  worJc,  M.J.  Relnhart,  Proc.  3d  Ann.  Convention  Iowa  Asso- 
ciation Cement  Users,  la.  Eng..  Vol.  VII,  No.  1,  p.  84. 
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brick  and  can  itself  often  be  crumbled  in  the  fingers.  Such  de- 
fects are  believed  to  be  due  more  to  poor  mixing  and  wrong  pro- 
portions of  sand  and  lime  than  to  any  inherent  quality  of  the 
lime  itself.  On  the  other  hand,  dolomitic  limes  possess  great 
adhesive  stt^ength  and  not  only  form  a  denser  mortar  by  binding 
the  sand  particles  firmly  together,  but  contribute  towards  the  sta- 
bility of  the  wall  by  adhering  to  the  brick  or  stone. 

TESTS  OF  LIME  MORTARS. 

Although  lime  has  been  used  as  a  mortar  since  very  early 
times  and  is  of  late  being  employed  in  various  other  ways  in 
structural  engineering  work,  few  records  of  tests  of  those 
physical  properties  which  make  it  of  value  are  to  be  found.  The 
purpose  of  the  following  series  of  tests  is  to  investigate  several 
of  the  physical  properties  of  lime  mortars,  covering  the  follow- 
ing points : 

(a)  The  influence  of  slaking  with  increasing  amounts  of 
water ; 

(b)  The  increase  in  strength  with  increased  setting  periods, 
and,  since  in  practice,  limes  are  seldom  used  in  a  neat  condition ; 

(c)  The  effect  of  varying  proportions  of  sand  on  the  strength 
of  the  mortar,  and  the  rapidity  of  setting.  There  has  also 
of  late  been  considerable  discussion  as  to  the  relative  merits  of 
the  white  or  high-calcium  limes,  and  the  brown  or  magnesian 
limes. 

To  obtain  definite  data  on  these  several  points,  the  following 
plan  was  adopted  in  the  beginning.  Barrel  samples  of  commer- 
cial limes  were  obtained  from  the  principal  producers  in  Iowa, 
and  a  few  from  bordering  states.  Samples  of  white  lime  were 
tested  from  Springfield,  Mo.,  and  Mason  City,  Iowa;  of  dolomitic 
lime  from  Viola,  Iowa;  Mason  City,  Iowa;  Maquoketa,  Iowa; 
and  Eagle  Point,  Iowa. 

While  it  was  evident  that  the  factors  enumerated  above  were 
the  important  ones  to  be  studied,  with  each  lime  it  was  necessary 
to  carry  on  considerable  preliminary  experimenting  in  order  to  be 
able  to  lay  out  an  exact  systematic  method  of  procedure.  A  pro- 
visional line  of  experiments  was  therefore  initiated,  using  the 
white  lime  from  Mason  City.  The  quick-lime  was  slaked  with  per- 
centages of  water  ranging  from  the  amount  which  would  produce 
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a  dry  powder  as  a  minimum,  to  a  maximum  of  300  per  cent  by 
weight.  Slakings  were  then  made  witih  100, 150,  200,  250,  and  300 
per  cent  of  water,  calculated  on  the  basis  of  dry  quick-lime  as  100 
per  cent.  From  each  slaking,  series  of  briquettes  were  made  with 
the  following  sand  dilutions,*  by  weight : 

One  part  sand  to  1  of  lime,  1%  of  sand  to  1  of  lime,  2  of  sand 
to  1  of  lime,  and  so  on  to  5  parts  of  sand  to  1  of  lime.  Four  sets 
of  briquettes  were  made  from  each  sand  mixture  to  be  broken  at 
the  end  of  four,  eight,  twelve,  and  sixteen  weeks  respectively. 
Ten  briquettes  were  used  in  each  set  from  which  to  obtain  an 
average. 

Briefly,  then,  from  the  lime  paste  obtained  by  slaking  in  each 
of  six  different  percentages  of  water,  briquettes  were  made  with 
nine  different  dilutions  of  sand.  Since  four  periods  of  set  were 
to  be  allowed,  with  ten  briquettes  to  be  broken  at  the  expiration 
of  each  period,  a  little  arithmetical  calculation  will  show  that  for 
each  lime  tested,  according  to*  this  plan,  2160  briquettes  would  be 
made.  As  the  work  progressed,  it  was  soon  discovered,  however, 
that  this  general  scheme  required  more  or  less  modification  ac- 
cording to  the  peculiarities  of  each  particular  lime. 

HIGH-CALCIUM  WHITE  LIMES. 
Limb  from  Mason  City,  Iowa. 

The  limestone  from  which  the  Mason  City  lime  is  produced 
comes  from  the  Devonian  beds,  and  has  the  following  analysis : 

Water 0.51 

Insolable 63 

Alumina  and  iron  oxide 71 

Lime  (CaO) 54.59 

Carbon  dioxide 42.89 

Magnesia  (MgO) 47 

Carbon  dioxide : .       .52 

100.32 

Analysis  of  the  commercial  product : 

Qulck-Iime.  After  slaking. 

Insoluble 1.02  0.60 

Alumina  and  iron  oxide 2.98  2.80 

Lime  (CaO ) 95 . 40  71 .  10 

Magnesia  (MeO)  43  .40 

Loss  on  ignition 0.00  25.60 

99.83  100.50 

A  sufficient  quantity  of  quick-lime  was  slaked  at  one  time  to 
make  the  full  number  (360)  of  briquettes  as  planned  for  each 

*  A  Standard  river  sand  was  used  throuffhout  the  teste,  whose  grains  passed  a  X>-mesh 
(linear)  slere  and  remained  on  a  80-mesh  sieve. 
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percentage  of  water.*  Precaution  was  taken  in  slaking  to  add  the 
water  in  such  quantities  and  to  agita^  the  mass  so  -as  to  facili- 
tate the  process  and  to  obtain  the  greatest  increase  in  volume 
with  the  amount  of  water  employed.  The  lime  paste  was  al- 
lowed to  stand  for  twenty-four  hours  until  all  signs  of  heat  had 
disappeared  and  then  put  into  air-tight  jars  to  be  used  as  needed. 
All  weights  were  calculated  on  a  dry  basis,  the  moisture  being 
determined  before  each  batch  of  both  sand  and  lime  was  weighed 
out.  In  the  case  of  the  higher  percentages  of  water,  it  was  neces- 
sary to  drive  off  by  careful  heating,  care  being  taken  to  keep  the 
temperature  below  boiling,  some  of  the  excess  water,  in  order  to 
reduce  the  paste  to  a  workable  consistency.  One  man  did  the 
work,  using  his  judgment  to  obtain  as  nearly  as  possible  the  same 
consistency  in  every  batch.  Forty  briquettes  were  made  from 
each  mixing.  The  briquettes  remained  in  the  molds  until  they 
could  be  safely  removed,  after  which  they  were  placed  on  edge  on 
open  shelves  and  allowed  to  harden  for  their  respective  periods. 

The  tensile  strength  test  was  adopted  as  a  means  of  obtaining 
comparable  resnlts  more  because  of  its  convenience  and  the  uni- 
form treatment  to  which  each  lime  would  be  subjected,  than  as 
representing  conditions  which  lime  mortars  would  meet  in  actual 
use.  As  noted  earlier,  the  principal  function  of  a  mortar  is  to 
serve  as  a  matrix  or  adhesive  to  bind  together  particles  of  aggre- 
gates and  sections  of  masonry  structure.  Adhesion,  therefore, 
and  crushing  strength  tests  would  give  more  direct  results.  Such 
tests  have  not  as  yet  been  made. 

Records  of  tensile  strength  tests  of  lime  mortars  are  to  be 
found  in  the  Report  of  the  Secretary  of  War  for  1896,  Document 
No.  2,  Volume  II,  part  5,  on  page  2839.  These  tests  were  made 
with  paste  slaked  with  300  per  cent  of  water,  ratios  of  sand  from 
3.1  to  17.7 : 1,  and  settino;  periods  of  twenty-eight  and  twenty-nine 
days  and  three  months.  Average  strengths  range  in  the  short 
time  tests  from  sixty-four  pounds  with  a  ratio  of  8.8 : 1  to  twenty 
pounds  per  square  inch  with  a  sand-lime  ratio  of  17.7 : 1  and,  in 
the  three  months  tests  from  seventy-one  pounds  with  a  ratio  of 
8.8 : 1  to  thirty-six  pounds  with  a  ratio  of  17.7 : 1.  Tensile  strength 
has  also  been  investigated  by  the  Ohio  Geological  Survey.*  The 
following  table  will  indicate  the  results  obtain-ed : 

*S.  V.  Peppel,  Bulletin  4,  p.3S7. 
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Physical  Tests  of  Ohio  Livies, 


Kind  of  I4me 


Remarks 


High-calcium    or 
white  lime 


Dolomitic   or 
brown  lime 


Water  20%  less  than  theory  for  complete  hydra- 
tion. 

Theoretical  amount  of  water. 

100%  excess.    Product,  moist  powder. 

Broke  badly.  Defective  briquette.  100%  excess. 
Heat  applied  in  slaking. 

200%  excess.    Moist,  lumpy  mass. 

Briquette  cracked  before  going  into  machine. 
300%  excess.    Smooth  stin  putty. 

Bad  briquette.  20%  less  water  than  theory  fox 
complete  hydration. 

Theoretical  amount  of  water. 

Bad  briquette.    20%  excess. 

40%  excess. 

Sticky,  lumpy,  mass.     100%  excess. 

Bad  briquette.     Stiff  putty.    200%  excess. 


The  period  of  set  allowed  in  these  tests  is  entirely  too  short 
for  valuable  results.  But  one  briquette  seems  to  have  been  made 
for  each  percentage  of  water.  It  is  evident  that  a  much  larger 
number  should  be  used  to  obtain  an  average  figure. 

A  similar  line  of  experiments  made  by  Mr.  George  S.  Mills,  of 
Toledo,  Ohio,*  affords  results  which  bring  out  quite  clearly  the 
relative  strength  of  the  white  and  brown  limes  and  the  relation 
of  strength  to  progress  in  setting  and  hardening  of  the  mortar. 
The  mortar  was  made  with  two  parts  sand  to  one  of  slaked  lime 
by  weight.  The  strength  is  expressed  in  pounds  per  square  inch. 
From  four  to  six  breaking  strengths  were  used  for  each  period 
to  obtain  the  average  results  given  in  the  table : 


1  month 

2  monthB 

3  moDthB 

4  months 

6  months 

lyear 

Dolomite  lime 

28.8 
36.6 

37.2 
39.2 

51. 
39. 

83. 
50.8 

92.8 

High-calcium  lime 

30.7 

44.6 

*  Municipal  engineering.  Vol.  28,  p.  6. 
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The  Mason  City  lime  is  a  hot  lime,  which  slakes  vigorously 
and  requires  constant  attention  when  water  is  given  to  it  The 
quantity  of  water  which  would  just  leave  the  hydrate  practically 
a  dry  white  powder  when  it  had  cooled  to  the  atmospheric  tem- 
perature was  found  to  be  about  75  per  cent  of  the  weight  of  the 
dry  hydrate. 

The  table  below  gives  in  detail  the  breaking  strength  of  the 
briquettes  made  with  Mason  City  lime.  A  Fairbanks  Standard 
Testing  Machine  was  used. 


TABLE  I. 


a 

1 

Ratio  sand  to 
lime 

Lbs.  Per  Square  Inch 

Ratio  sand  to 
lime 

Lbs.  Per  Square  Inch 

Ratio  sand  to 
lime 

Lbs.  Per  Square  Inch 

Time  of  set 
weeks 

« 
< 

a 

a 

a 
9 

a 
a 

d 

Average 

a 

0 

a 

Minimum 

1 

Average 

Maximum 

Minimum 

8LAJLBD  IN  76  PER  CENT  OP  WATER. 


SLAKED  IN  100  PER  CENT  OF  WATER. 


i 

8 
12 
16 

1  :1 

48.4 
60.6 
66.1 
68.0 

61.4 
66.8 
60.4 
60.0 

88.6 
47.6 
46.0 
42.0 

l*:l 

•  •  •  ■  ■  •  ■  • 

46.7 
40.7 
47.1 
46.2 

60.6 
44.6 
60.0 
49.4 

89.6 
86.0 
44.8 
40.8 

2  :1 

64.6 
64.8 
48.6 
62.0 

64.4 
68.8 
62.6 
66.9 

46.1 
48.0 
46.0 
41.2 

4  !    2i:l 
8    

12    

16  1 

1 

66.1 
64.6 
46.7 
62.8 

60.4 
58.6 
48.6 
66.9 

60.4 
61.0 
48.6 
49.6 

8  :1 

60.6 
62.6 
48.1 
48.4 

66.2 
68.4 
61.0 
48.6 

41.9 
44.6 

46.9 
88.6 

8i:l 

48.7 
62.1 
48.0 
82.9 

66.0 
66.0 
64.8 
68.0 

80.0 
46.6 
42.7 
21.6 

4 

8 

12 

16 

4  :1 

47.2 

47.8 
48.6 
41.6 

61.4 
67.0 
49.6 
49.0 

48.6 
870 
88.7 

28.8 

1 

4i:l 
1 

48.7 
41.8 
42.6 
44.6 

68.0 
62.6 
46.6 
50.0 

85.0 
87.0 
88.4 
88.0 

i    6  :1 
1 

48.6 
46.9 
42.6 
68.1 

68.4 
60.0 
61.4 
66.7 

88.0 
84.8 
28.6 
60.0 

4 

64:1 

87.1 
87.8 
88.6 
88.6 

44.1 
46.0 
44.1 
40.8 

28.8  ; 
82.6  1 
88.8 
84.9 

6  :1 


86.0 
86.9 
88.1 
86.4 

89.6 
88.0 
88.4 
41.6 

84.6 
81.0 
29.8 
80.0 

8 



12 

1 

16 

1  1 

! 

4 

8 

12 

16 

1  :1 

47.8 
66.4 
64.9 
62.9 

66.2 

64.8 
76.7 
78.8 

48.9  ' 
52.6  , 
63.6 

li:l 

67.1 
60.6 
64.4 
78.2 

61.9 
68.7 
86.8 
91.6 

68.0 
48.6 
46.4 

66.6 

'    2  :1 
1 

1 

56.9 
72.3 
76.2 
67.9 

78.6 
94.7 
89.8 
88.6 

46.4 

66.1 
64.1 
68.1 

« 

8 
12 
16 

2i.l 

64:9 
64.6 
66.0 
67.6 

62.6 
80.4 
67.7 
74.4 

48.8 

68.6  I 
41.0  , 

86.7  ' 

8  :1 
1 

r 

49.9 
67.0 
64.6 
68.1 

66.6 
67.6 
68.6 
66.1 

40.9 
61.6 
46.0 
40.6 

I    8i:l 
i 

61.0 
64.0 
66.6 
66.8 

61.8 
62.8 
68.7 
66.7 

44.6 
49.4 
60.0 
61.6 

4 

8 
12 
16 

4  :1 

62.8 
63.8 
62.2 
49.6 

59.7 
67.0 
58.7 
68.6 

41.2 
60.0 
46.4 
48.0 

41:1 

47.6 
49.6 
64.4 

48.7 

66.4 

68.0 
68.0 
62.0 

88.8 
44.6 

48.6 
48.0 

6  :1 

64.1 
68.1 
68.7 
66.8 

76.4 
74.6 
69.8 
72.6 

62.6 
66.0 
67.0 
69.0 

4 

6i:l 

•      •••••• 

66.4 
66.7    1 
60.4    1 
60.4 

64.7 
62.0 
7870 
69.4 

62.0 
61.6 
68.4 
41.0 

1 

6  :1 



1 

68.7 
62.6 
64.7 
47.8 

60.2 
64.6 
60.0 
55.0 

49.6 
60.6 
49.0 
81.8 

8 

12  1 

16 
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a 

s 

a 

1= 

Lbs.  Per  Square  Inch 

o 

•a 
a 

II 

Lbs.  Per  Square  Inch 

Ratio  sand  to 
lime 

Lbs.  Per  Square  Inch 

lime  of  aet 
weeks 

1 

5 

a 

B 

a 

a 
a 

a 

9 

a 
S 

a 

a 

1 

a 

a 
1 

a 

a 

1 

a 

SLAKBD  IN  150  PER  CBNT  OF  WATER. 


4 

1  :1 

41.0 

48.8 

88.8 

li:l 

47.1 

8 

40.9 

48.9 

87.0 

47.6 

12 

45.8 

55.8 

34.0 

50.8 

16    

47.6 

55.7 

88.2 

57.5 

4      21:1 

56:4 

68.7 

88.8 

8  .1 

60:7 

8| 

50.8 

78.1 

44.4 

54.0 

12! 56.6 

76.8 

42.8 

68.7 

16    55.4 

79.9 

51.0 

77.8 
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TABLE  I— Continued. 


d 

Ratio  Band  to 
lime 

Lba.  Per  Square  Incli 

o 

Lbs.  Per  Square  Inch 

Ratio  sand  to 
lime 

Lbs.  Per  Square  Inch 

a 
OM 

1 

< 

a 
a 
S 

a 

d 

a 

d 

! 

< 

a 

d 

a 
8 

fi 

d 
8 
IS 

1 

► 
< 

a 

d 

a 
S 

Minimum 

BULKED  IN 

800  PER  < 

CENT  OP  WATER. 

1 

12 
16 

1  :1 

88.1 
85.8 
43.0 
41.7 

47.4 
54.2 
58.8 

57.8 

1 

25.5 
27.3 
28.2 
26.6 

U:l 

;    86:6 
.'    85.2 
.1    88.5 
.     40.8 

48:4 
58.6 
54.6 
51.0 

26.0 
28.8 
27.8 
34.3 

2  :1 

86.0 
85.9 
40.7 
41.2 

48.4 
43.9 
53.5 
52.1 

28.6 
28.6 
34.0 
32.0 

4 

8 
12 
16 

2i:l 

• 

41.8 
46.2 
51.1 
56.8 

50.0 
51.0 
60.2 
68.8 

85.8 
40.8 
89.6  1 
50.0 

• 

3  :1 

1    40.0 
.i    40.2 
.      46.1 
.     47.8 

50.5 
53.0 
51.0 
54.0 

82.6 
30.6 
86.0 
40.0 

3i:l 

42.4 
52.1 
52.5 
46.7 

50.0 
58.1 
55.0 
58.0 

33.8 
45.2 
45.9 
35.0 

4 

8 

12 

16 

4  :1 


88.2 
89.2 
37.6 
43.0 

46.5  . 
51.5 
48.5 
50.5 

31.8 
81  9 
28.8 
40.0 

4i:l 

1    89.7 
.1    45.8 
.,    48.6 
.!    41.4 

43.5 
55.5 
48.5 
49.0 

32.8 
88.2  ; 
35.9  I 
80.7  1 

5  :1 

40.7 
48.3 
46.3 
46.1 

47.5 
54.9 
52.0 
58.0 

85.a 
42.7 
48.0 
30.0 

4 

5i:l 

87.8 
46.7 
46.5 
46.5 

44.5 
52.9 
52.4 
58.0 

84.0 
88.6 
88.5 
43.2 

1 

6  :1 

'    41.7 
.!    46.5 
.1    47.7 
.      49.8 

46.0 

51.3 

54.8 

•55.0 

86.6  1 
41.5  ; 
48.1   , 
44.3  1 

1 

8  ! 

12 



16 

1 

1 
1 

From  these  figures,  three  sete  of  curves  can  be  constructed 
which  will  bring  out  in  a  graphic  way  the  general  trend  of  the 
results.  One  set,  with  aand-lime  ratio  and  average  tensile 
strength  as  co-ordinates ;  a  second  set  using  the  setting  periods 
and  tensile  strength;  and  a  third,  based  on  the  percentage  of 
water  used  in  slaking  and  the  tensile  strengths. 

Inspection  of  the  table  and  of  the  accompanying  curves  will 
show  that,  in  general,  the  strength  increases  with  increase  of 
sand  up  to  2 : 1,  2.5 : 1,  and  possibly  3 : 1  in  some  eases,  and  that 
beyond  these  ratios  it  decreases.  Considered  with  reference  to 
the  effect  of  different  periods  of  set  on  the  strength,  little  more 
is  to  be  observed  than  an  increase  in  all  instances  during  the  first 
two  months.  With  the  longer  periods  the  change  is  not  suffi- 
ciently pronounced  to  afford  a  characteristic  curve. 

It  is  evident  that  the  lengths  of  time  allowed  for  the  lime  to 
set  were  too  short  for  the  maximum  strength  to  be  attained. 
This  conclusion  is  supported  by  chemical  determinations  of  the 
carbon  dioxide  absorbed  which  show  that  carbonation  is  in  no  in- 
stance even  approaching  completion  at  the  expiration  of  sixteen 
weeks.  Sufficient  time  s^hould  be  allowed  for  the  longest  period 
for  all  the  lime  to  return  to  the  carbonate  condition.    Then  the 
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curves  constructed  according  to  the  first  two  methods  mentioned 
above  would  indicate  clearly  the  progress  of  the  gain  in  strength 
according  to  percentage  of  sand  and  setting  period. 

Plate  number  VII  -shows  the  relation  between  the  percentage 
of  water  used  in  slaking  and  the  tensile  strength  of  the  briquettes. 
They  are  arranged  in  groups  of  four  curves,  each  according  to 
the  whole-numbered  sand-lime  ratios.  The  general  aspect  of  the 
^ve  groups  taken  in  conjunction  with  the  tables,  indicates  a  rapid 
rise  in  strength  at  100  to  150  per  cent  of  water,  and  as  rapid  a 
fall  at  200  which  continues  through  the  higher  percentages.  It 
is  to  be  noted  that  100  per  cent  of  water  gives  the  highest 
strength  with  the  1 : 1,  2 : 1  and  5  :'l  sand  dilutions,  while  with  the 
two  middle  members  of  the  series,  3 : 1  and  4 : 1,  the  highest 
strength  is  reached  with  150  per  cent.  This  may  be  but  a  coinci- 
dence, with  results  for  only  one  lime  at  hand.  The  percentage 
theoretically  necessary  to  hydrate  the  calcium  oxide  in  the  lime 
is  but  about  30  per  cent  of  the  weight  of  the  dry  quick-lime.  The 
increase  in  -strength  with  successively  longer  periods  of  time  can 
also  be  traced  from  these  curves.  It  will  be  further  noted  that 
the  rapidity  of  increase  is  greater  the  higher  the  percentage  of 
sand  used. 

The  experience  gained  and  the  results  taccruing  from  the  fore- 
going tests  of  the  Mason  City  white  lime  suggested  certain 
changes  in  the  general  plan  of  the  experiments.  In  all  the  tests 
whose  results  follow,  the  longest  setting  period  is  made  one  year, 
and  sets  of  briquettes  were  broken  at  the  end  of  three,  six,  nine 
and  twelve  months.  The  percentages  of  water  used  for  slaking 
are  the  even  hundreds  up  to  300  per  cent  as  a  maximum,  with  the 
exception  of  the  white  lime  from  Springfield,  Missouri,  in  which 
case  400  per  cent  of  water  was  used,  since  it  slaked  to  a  dry  pow- 
der with  100  per  cent.  The  lowest  percentage  is  in  all  instances 
the  largest  possible  amount  that  would  leave  the  slaked  product 
a  dry  powder.  Only  the  whole-numbered  sand-lime  ratios  are 
used  in  the  later  tests. 
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Plate  VII.— Dlagrami  showing  effects  of  different  setting  pertods  and  of  different  percentages  of  water. 
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White  Lime  from  Springfield,  Missouri. 

The  limestone  from  which  the  Springfield  lime  is  made  has  the 
following  chemical  analysis  :* 

Lime  carbonate  (CaCOs) 99.46 

Iron  oxide  (Fe.Os) -21 

Silica  (SiOa) 33 

100.00 

Analysis  of  the  commercial  product: 

Quick-lime     After  slaking 

Insoluble '. 1.00  0.67 

Iron  and  alumina  (FejOg-f-AUOa)  1.80  1.11 

Lime  (CaO) 94.70  73.20 

Magnesia  (MgO) 0.40  0.43 

Loss  by  ignition 2.08.  24.25 

Carbon  dioxide  (CO,) Trace  

99.98  99.76 

The  Springfield  lime  is  unusually  pure  and,  as  may  be  ex- 
pected, slakes  rapidly  and  with  much  heat.  With  200  per  cent  of 
water,  it  was  found  difficult  to  prevent  the  lime  from  '* burning' ^ 
Up  to  300  per  cent  of  water,  it  was  impossible  to  keep  the  paste 
thoroughly  mixed  on  account  of  the  generation  of  steam  and  the 
violence  of  the  slaking  action.  350  to  400  per  cent  works  best 
and  gives  a  uniform,  well  slak^  product. 

It  is  unfortunate  in  any  investigation  if  the  person  beginning 
the  work  can  not  carry  it  to  completion.  Even  though  the  train- 
ing of  the  experimenters  be  identical,  personal  equation  always 
enters,  and  sometimes  to  a  suflScient  extent  in  small  matters  of 
manipulation,  and  in  the  exercise  of  judgment,  to  produce  unex- 
plainable  irregularities  in  results.  In  the  present  experiments 
it  was  necessary  to  place  the  work  in  new  hands  at  times  during 
their  progress.  Lack  of  uniformity  in  the  data  which  follow  can 
in  some  instances  be  accounted  for  only  by  such  changes,  and 
yet  it  is  not  possible  to  assign  absolutely  to  this  cause  variations 
that  appear.  Notwitbstandhig  all  minor  deviations  from  the 
rule,  however,  there  are  revealed  certain  general  truths  that  are 
brought  out  in  the  results  given. 

In  Table  II  are  compiled  the  results  of  the  tests  of  the  Spring- 
field lime  and  these  are  graphically  shown  in  plates  VIII,  IX  and 
X,  which  follow: 

*20th  Annual  Rep.  U.  S.  Geological  Survey,  Part  VI  (Continued),  p.  415,  also  Bulletin 
44,  N.  Y.  State  Museum,  p.  924. 
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The  curves  on  plate  ViJLL  show  that  there  ie  little  change  in 
strength  after  three  months.  In  a  few  instances  there  is  a  slight 
gain,  but  in  most  cases  the  three,  mx  and  nine  months'  figures  run 
close,  followed,  as  a  rule,  by  a  falling  off  at  the  end  of  twelve 
months.  Inspection  will  show  that  this  falling  off  is  most  pro- 
nounced with  the  high  ratios  of  sand,  4 : 1,  5 : 1,  6 : 1,  where  the  de- 
crease has  frequently  begun  at  the  end  of  three  months. ' 

The  diagrams  according  to  percentage  of  water  (Plate  IX)  are 
fairly  uniform,  all  indicating  a  decrease  in  strength  to  200  or 
300  per  cent  followed  by  a  rise  with  400  per  cent  of  water.  This 
final  rise  seems  erratic,  and  its  meaning  is  not  at  present  under- 
stood. It  will  be  noted  that  the  greater  ranges  between  highest 
and  lowest  tensile  strengths  are  found  where  the  lower  sand-lime 
ratios  were  employed. 

Plate  X  brings  out  clearly  the  decrease  in  strength  with  in- 
crease in  the  amount  of  sand.  This  is  most  prominent  in  the 
lower  percentages  of  water  where  a  1 : 1  mixture  is  the  strongest. 
With  the  two  higher  percentages,  300  and  400,  the  average  maxi- 
mum strength  is  attained  in  the  3 : 1  and  4 : 1  mixtures.  It  is  also 
conspicuous  that  the  highest  figures  of  all  are  reached  with  the 
lime  when  slaked  with  100  per  cent  of  water,  which  leaves  it  a  dry 
powder. 

MAONESIAN  AND  DOLOMITIC  LIMES. 
Eagle  Point,  Iowa.  Brown  Limb. 

The  limestone  from  which  this  lime  is  manufactured  comes 
from  the  Galena  beds  of  the  Ordovician.  Its  analysis  is  as  fol- 
lows: 

Insoluble 8.(>5 

Iron  and  aluminum  oxide  (FesOa  and  AUO,) 3.15 

/  Lime  (CaO) 29.00 

I  Carbon  dioxide  (CO,) 22.60 

/  Magnesia  (MgO)  17.12 

\  Carbon  dioxide  (CO,) 18.a5 

Water 09 

99.46 

Commercial  product: 

Insoluble 2.01 

Iron  and  aluminum  oxide  (FeaOa  and  AI1O3)  6.60 

Lime  (CaO) 58.19 

Magnesia  (MgO) 33.48 

Loss  on  ignition slight 

100.28 
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The  Eagle  Point  lime  slakes  sluggishly  and  gives  a  paste  of  a 
brownish  color.  With  all  percentages  of  water  employed  there 
was  little  heating  up,  and  no  steam  was  generated.  Slaking  pro- 
ceeded besrt  with  200  per  cent  of  water  and  more  rapidly  than 
with  lower  percentages.  100  per  cent  gave  a  stiff  paste,  200  one 
of  a  readily  and  conveniently  workable  consistency,  while  the 
300  per  cent  paste  was  thin,  and  required  the  removal  of  the  ex- 
cess of  water  before  use. 

Table  III  includes  the  results  of  the  tests  of  this  lime.  On 
plates  XI,  Xn  and  Xm  are  plotted  the  data  of  the  table. 

The  curves  on  plate  XI  again  bring  out  the  decrease  in  strength 
with  age.  It  will  be  observed  that  the  maximum  strengths  are 
attained  at  six  and  nine  months,  and  that  this  almost  universally 
falls  off  for  the  one  year  period.  This  falling  off  is  most  pro- 
nounced in  general  in  the  ease  of  the  higher  sand  proportions. 

The  influence  of  the  amount  of  water  used  in  slaking  is  shown 
on  plate  Xn.  It  is  impossible  to  make  any  generalized  statements 
from  the  diagrams.  As  a  rule  the  highest  strengths  are  found 
with  the  lower  percentages  of  water.  In  the  case  of  the  2 : 1,  5 : 1 
and  6 : 1  sand-lime  ratios,  however,  this  is  reversed  and  the  300 
per  cent  gives  the  highest  figures. 

As  with  the  white  limes,  the  curves  based  on  the  sand-lime 
ratio  are  the  most  characteristic  of  the  set.  The  lowest  propor- 
tions of  sand  gave  in  all  instances  the  highest  results.  The  de- 
crease in  strength  with  increasing  sand  is  decided  and  rapid. 
The  greatest  range  is  seen  to  be  with  the  lower  percentages  of 
water,  the  maximum  tensile  strength  being  shown  by  the  *  *  pow- 
der ' '  slaked  lime. 

Mason  City,  Iowa,  Brown  limb. 

The  Mason  City  stone  is  Middle  Devonian  and  belongs  to  the 
Cedar  Valley  stage.    Its  chemical  analysis  follows: 

Insoluble 1.34 

Iron  and  aluminum  oxide  (FeaOs  and  AUOa) 2.07 

/  Lime  (CaO) 33.54 

\  Carbon  dioxide  (CO,  j 26.36 

r  Magnesia  (MgO) 16.99 

\  Carbon  dioxide(CO,) , 18.68 

Moisture 1.03 

100.00 
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Analysis  of  the  commercial  product : 

Oufck-llme  After  slaking 

Insoluble 2.32  .80 

Iron  and  alaminum  oxide  (FeaOs  and  AUOs) 6.03  9.80 

Lime  (CaO) 72.40  47.60 

Magnesia  (MgO) 15.23  19.20 

Carbon  dioxide  (CO,) 10  3.50 

Loss  on  ignition  (COt) 3.36  18.70 


99.44  99.60 

The  Mason  City  lime  slakes  very  slowly  and  considerable  care 
was  necessary  to  secure  a  uniform  product  free  from  lumps.  By 
a  proper  adjustment  of  the  amount  of  water  supplied  as  it  is 
needed,  and  its  distribution  throughout  the  mass  by  stirring,  a 
homogeneous  paste  is,  however,  readily  obtained. 

In  Table  IV  are  arranged  the  data  for  this  lime,  which  are 
also  platted  on  plates  XIV,  XV  and  XVI. 

The  curves  on  plate  XIV  .^how  for  the  Mason  City  lime  the 
same  tendencies  as  do  the  corresponding  curves  on  preceding 
pages.  The  diminution  in  strength  with  «the  longest  time  period, 
w^hile  not  universal,  is  »so  common  as  to  be  unmistakable.  This  is 
more  pronounced  in  cases  where  the  higher  proportions  of  sand 
are  used. 

Plate  XV  clearly  shows  the  decrease  in  strength  with  increas- 
ing percentages  of  water.  With  few  exceptions  the  maximum 
results  come  with  the  powder  slaked  lime  from  which  the  curves 
slope  downward  as  the  water  percentages  increase. 

It  will  be  noted  also  that  the  'higher  strengths  correspond 
with  the  lower  sand  dilutions.  With  the  powder  slaked  lime 
there  is  a  decisive  rise  in  all  the  curves  at  the  2 : 1  ratio  and  this 
is  less  prominently  the  rule  with  the  other  curves  on  the  sheet. 
The  length  of  the  setting  period  appears  to  have  no  perceptible 
influence  on  this  fact. 
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Maquokbta  Whitb  Limb,  A.  A.  Hurst  ft  Co.,  Maquokbta,  Iowa,  DolomiticILime. 
EXCBL8IOR  Whitb  Limb,  O.  W.  Joinbr  &  Son,  Maquokbta,  Iowa,  Dolomitic  Lime. 

The  M<aquoketa  limes  are  produced  from  the  Hopkintan  beds 
of  the  Niagara  stage.  The  eompositioii  of  these  strata  is  shown 
by  the  accompanying  chemical  analysis  of  samples  from  each 
of  the  companies: 

O.  W.  Jolaer  A.  A.  Hurst 
it  Son.  ft  Co. 

Insoluble 51  .58 

Iron  and  aluminum  oxides  (Fe^Os  +  AUOs) 47  .36 

Lime  (CaO) 30.56  30.88 

Magnesia  (MgO) 21.54  21.56 

Loss  on  ignition  (CO9  and  water) 47.16  47.13 

Analysis  of  the  unslaked  commercial  product  (A.  A.  Hurst 
&  Co.). 

Insoluble 63 

Iron  and  aluminum  oxides  (FeaOs  +  AUOg) 2.10 

Lime  (CaO) 60.60 

Magnesia  (MgO) 35.73 

Loss  on  ignition 2.30 

The  two  samples  of  limestone  analyzed  come  from  the  same 
horizon  and  compare  very  closely  in  composition.  The  treat- 
ment of  the  rock  in  the  process  of  burning  is  exactly  similar  in 
both  plants  and  the  two  limes  are  alike  in  appearance.  Wood 
alone  is  used  in  the  calcining  process. 

The  quick-liines  slake  slowly,  as  is  characteristic  of  the  dolo- 
mitic limes,  and  the  hea^t  generated  is  relatively  small  in  amount. 
The  Joiner  lime  required  somewhat  less  water  for  the  first 
slaking  than  the  Hurst  product  and,  in  fact,  less  than  any  of  the 
other  limes  tested.  This  quantity,  as  shown  in  the  table,  is  50 
per  cent  of  the  weight  of  quick-lime  used.  The  results  of  the 
tensile  strength  tests  of  the  two  Maquoketa  limes  are  compiled 
in  tables  Nos.  5  and  6  and  are  graphically  represented  by  plates 
XVn,  XVIII,  XIX  and  XX,  XXI,  XXII,  which  follow: 
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Joiner  lime. — Plate  XVII  brings  out  very  well  the  change  in 
strength  with  increasing  period  of  set.  The  powder  slaked  lime 
attains  its  maximum  strength  at  nine  months  with  the  marked 
exception  of  the  1 : 1  ratio  in  which  case  the  curve  continues  up- 
wards to  the  end  of  a  year's  time,  and  gives  the  highest  figure  of 
any  mixture  in  the  set.  The  other  percentages  of  water  give 
characteristic  and  fairly  uniform  curves,  showing  a  maximum 
strength  ait  six  to  nine  months  and  a  falling  off  or  weakening 
after  nine  months'  set. 

The  curves  on  plate  XVIII  are  somewhat  irregular  but  exhibit 
quite  clearly  the  decrease  in  strength  with  increase  of  water  for 
slaking.  In  general,  the  slope  is  down  from  the  *'dry"  slake 
through  all  higher  percentages,  although,  in  a  number  of  in- 
stances, there  is  an  unaccounted-for  rise  from  the  minimum  at 
100  or  200  per  cent.  The  position  of  the  curve  groups  on  the 
diagrams  indicates  the  lowering  strength  with  larger  sand  di- 
lutions. 

Plate  XIX  emphasizes  the  weakening  effect  of  sand  dilutions 
higher  than  1 : 1  and  2 : 1  mixtures.  In  the  majority  of  instances 
even  proportions  of  sand  and  lime  afford  the  greatest  strengths, 
although  a  higher  figure  for  2 : 1  is  not  unusual.  Higher  ratios 
than  these  two,  however,  produce  a  marked  falling  off  in  tensile 
strength  for  all  four  time  periods. 

Hurst  lime. — The  curves  of  plate  XX  run  conspicuously  uni- 
form and  show  in  general,  the  greatest  strength  at  nine  months. 
The  usual  lowering  in  strength  at  the  end  of  twelve  months  is  to 
be  note^.  As  a  rule  this  lime  attained  its  maximum  strength 
with  100  per  cent  of  water  as  shown  on  sheet  XXI.  The  highest 
figures  of  the  set  are  reached,  however,  by  the  powder  slaked 
lime  and  a  sand-lime  ratio  of  2  to  1. , 

On  plate  XXII  is  brought  out  the  relation  between  the  strength 
and  amount  of  sand  used.  With  the  powder  slaked  lime,  2 : 1 
gives  the  highest  results,  while  with  the  other  percentages  of 
water  for  slaking  the  trend  of  the  curves  is  universally  down- 
wards as  the  sand  increases. 
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Nbw  Process  Limb.  Viola  Limb  Works,  Viola.  Iowa. 

The  Viola  lime  was  manufactured  from  the  Le  Cktire  beds  of 
the  Niagara  stage.  The  plant  is  now  idle.  The  stone  is  highly 
magnesian  and  produces  a  lime  of  the  following  composition : 

Quick-      After 
lime,     slaking. 

Insoluble 1.20  1.00 

Iron  and  aluminum  oxides  (FesOa  -|-  AUOa) 1.40  1.00 

Lime  (CaO) 66.80  46.20 

Magnesia  (MgO) 27.10  29.28 

Carbon  dioxide  (C0») 70  2.02 

Loss  on  ignition,  less  CO9 2.60  21.76 

99.70    100.25 

The  commercial  product  takes  water  slowly  and  no  -slaking 
action  becomes  noticeable  for  some  time.  About  five  hours  was 
required  for  complete  slaking  in  60  per  cent  of  water,  the  mixture 
heating  but  slightly.  With  the  higher  percentages  of  water  the 
time  required  is  still  greater  and  in  all  cases  the  slake  is  very 
cool.  The  lime  does  not  melt  to  a  paste  as  is*  usual,  but  remains 
in  a  more  or  less  granular  condition.  The  results  of  the  tests  of 
the  Viola  lime  are  tabulated  in  Table  VII  and  plotted  on  plattes 
XXIII,  XXIV  and  XXV. 

A  comparison  of  the  data  obtained  in  these  tests  with  the  re- 
sults from  the  other  limes  of  the  whole  series  reveals  two  notable 
departures.  The  breaking  strengths  are  on  an  average  higher, 
the  maximum  being  nearly  50  per  cent  greater  than  the  closest 
competitive  value.  They  are  remarkable  also  in  that  the  strength 
almost  without  exception  increases  to  the  end  of  twelve  months 
and  this  increase  is  most  rapid,  as  shown  by  the  sharpness  of  the 
curves  on  plate  XXIII,  when  slaked  with  100  per  cent  of  water, 
which  gives  the  highest  breaking  strength  of  the  set.  The  steep- 
ness of  the  curves  between  nine  and  twelve  months  is  in  many  in- 
stances so  marked  as  to  render  of  extreme  interest  the  question, 
how  long  such  an  increase  would  continue.  A  properly  designed 
series  of  tests  should  be  made  along  this  line. 

Plate  XXIV  shows  that  the  lime  develops  its  greatest  strength 
when  slaked  in  100  per  cent  of  water,  while  on  XXV  is  plainly 
shown  the  decrease  in  tensile  strength  following  the  addition  of 
proportions  of  sand  greater  than  one  and  two  to  one  of  lime. 


MAGNE8IAN  AND  DOLOMITIC  LIMES. 


1^ 


a 


» 

O 
Oi 

fri 


1-1 
o 


> 


V4 

•  • 

« 

O 
"fl 

Qiniixfii|]ii 

mnmixvjv 
aSBjeAY 

Sand  to  Lime  5:1 

mnmfniH 

mnmfxvH 

oSBjaAV 

9 

o 

fl 

s 

fl 

Sand  to  Lime  4:1 

mnminm 

mnm^xvH 

1 

00 

■a 
fl 

e8«j9Ay 

1 

fl 

1 

Sand  to  Lime  8:1 

mnminTK 

/a 

1 

mnnxfxvK 

en 

CD 
fl 

88VJ9Ay 

H 

o 

♦J 

•a 

mnminiK 

mnmpniK 

99lU9Ay 

a 

°           Sand  to  Lime  1:1 
fl 

mnminiK 

mnm^xvit 

• 

smu 

98«J9Ay 

;  )9s  JO  emij. 

•      •       • 

> 

91.5 

95.4 

86.7 

107.7 

88.0 

90.7 

82.2 

102.8 

120.7 
184.2 
108.4 
122.6 

• 

103.7 

113.9 

94.8 

118.6 

OS 
M 

1 

92.3 
102.9 

92.2 
107.6 

o 

H 
X 
H 

113.4 
152.8 
124.2 
140.3 

as 

s 

101.9 
122.9 
110.8 
125.2 

1 

n 

< 

89.6 
117.0 
103.9 
120.2 

9S, 

Q 
H 

122.6 
163.2 
150.0 
176.0 

00 

107.2 
139.8 
122.4 
151.7 

M 

Q 

1 

« 

100.0 
122.4 
110.8 
138.8 

152.0 
174.5 
157.7 
184.7 

180.8 
149.4 
134.8 
163.5 

104.0 

124.5 

95.2 

188.7 
108.6 
142.1 

116.5 
149.5 
119.6 

eo«e»^ 

OD«>aDt« 


t^OOMM 

•         •        •         • 


.... 


« 


<00«-i« 


*^eo«o 

•      •      • 


!    -• 

M 
O 


OS 
M 
Oi 

8 
as 

fl 

H 

M 

00 


oe«oA 

88SS 


00  ^QOOd 


OlA«0«D 

.... 


00»OM 


t-^omt- 

an 


<5eQO«» 


eoioA 

ills 


^N««i4 


ss§s 


COtOM 


53 


8S88 


^400000 


•-•O»H00 

•       •      •       • 


o 
»: 

H 
U 

OS 

H 

§ 

fl 

P4 


«H^eo«D 
&5E3SES 


^00000 

?iS8S 


8^?S 


^S&8 


8&SSS 


04  10  04  to 


oocoeo 

5S^9S; 


OeOiQ<D 

•       •       • 


c*to 


B8» 


o<-teot- 


eo«DO»( 


OS 
P4 

H 

O 

H 
% 
M 
O 

OS 

M 
A. 


Q 
00 
M 

:S 

BD 


£5g'8l 


toi>ioe 

.... 

Oft  wOocB 


lec^ioM 
8g5{28 


00»IO«D 

.  __.     .     • 


eooAOk 

§§§§ 


.... 


E:fS888 


c<-aoo»e« 

•      •       •      • 


28855 


oooft^et 

•       •      •      • 

O  wODOB 


8»SS 


•      •      ■      • 


eQ<<ie40 


«0iet«A 

•      •       ■      • 

8SS8S 


OOOOIOM 

982SS 


OiO«0O 

8SS8 


ot-eoe 


ssss 


144 


PHYSICAL  TESTS  OF  IOWA  LIMES. 


260 


m 


u 


«        <i        lie 


5i4lttlll« 


i« 


M 

/. 

/ 

,  / 

/^ 

/ 

^       ^ 
1 

1 

/ 

M 

^  i 

f 

1 

■ 

,^^ 

/ 

. 

:» 


:l 


■  £ 


msntts 


hx\%^      of      .5f1     in      mioijiis. 
PLATE  XXIII— Diagrams  showing  effects  of  different  periods  of  setting. 


MAONE8IAN  AND  DOLOMITIC  LIMES. 


145 


260 


Katia 

1 

1 

> 

c 

i 

\ 

/ 

N 

y 

/ 

1 
V 

V 

/ 

N 

'^ 

i , ,    ,, 

Sins* 

9«nt. 


60         IOC        too       9e< 


iOo         coo        900 


CO 

in 


1 00  £00         900 

sUkinj. 


Mil 
Stadto 

iimcSM 

• 



5 

^ 

h 

fUtil 

, 

- 



I?M 
9inm. 

.       — . 

^ 

10 


60  100  £00        SOO  60  IOO         £00        SOO  60  100 

Perctnttqi        if         \Maitr        u5(d       in     sUking 
Plate  XXIV— Diagrams  sbowing  efTects  of  different  pereentagefi  of  water. 


146 


PHYSICAL  TESTS  OF  IOWA  LIMES. 


i-«       fi 


20or 


2.1  ri  5<  «4 

pQfii  sand 


\ 

SloJiid  in 
ipOpcrccat  woUr 

\ 

\ 

■ 

^ 

\\ 

7 

N 

I 

// 

^ 

i^^ 

\ 

/ 

V 

\ 

/ 

\ 

\ 

Yms. 

■ 

l:|  t-l  l"'  ♦■»  5** 

tt  limt 


*:f 


PiATB  XXV— Diagrams  showing  effects  of  different  sand-lime  ratios. 


RESUME.  147 


resume". 


While  the  foregoing  series  of  tests  are  far  from  exhaustive 
and  serve  to  open  up  and  suggest  many  questions  that  might  be 
profitably  investigated,  the  results  obtained  are,  it  is  believed, 
sufficient  to  base  upon  them  a  few  generalizations.  Some  of  the 
statements  which  follow  are  of  facts  that  have  long  been  regarded 
in  practice  but  which  have  not  before  been  proven  by  systematic 
experiment.  The  limes  tested  are  types  of  high  grade  products 
and  may  be  regarded  as  representative  examples  of  pure  white 
limes  and  of  the  magnesian  or  dolomitic  class.  The  results, 
therefore,  are  to  be  limited  in  their  general  application  to  these 
classes  and  are  not  to  be  construed  as  holding  good  for  the  im- 
pure or  hydraulic  limes. 

(a)  The  maximum  strength  reached  within  a  year's  time,  is 
attained  at  the  end  of  a  setting  period  of  six  to  nine  months 
duration.  This  is  most  pronounced  where  the  higher  percentages 
of  sand  are  employed.  The  notable  exceptions  to  this  rule  are 
found  with  the  lowest  sand-lime  ratios,  the  lower  percentages 
of  water  used  to  slake,  and  are  most  conspicuous  in  the  strongly 
dolomitic  limes. 

The  cause  for  the  diminution  in  strength  after  nine  months  is 
not  known  and  results  of  chemical  analyses  to  determine  the 
amount  of  carbonation  at  the  end  of  each  of  the  four  periods  in- 
dicate that  this  process  is  in  no  instance  complete  at  the  end  of 
a  year's  time.  Carbonation  has  progressed  to  a  minor  extent 
only  during  the  first  six  or  even  nine  months.  The  change  that 
occurs  during  the  setting  of  the  mortar  is  considered  to  be 
largely  the  crystallization  of  the  lime  hydrate.  It  is  ]jossibIe 
that  such  crystallization  may  produce  a  bond  that  is  stronger 
than  the  carbonate.  The  process  of  carbonation  displaces  the 
combined  water  of  the  hydrate  and  may  as  a  result  actually 
diminish  the  cohesive  strength  of  the  mortar.  If  this  be  true, 
we  would  expect  such  loss  in  strength  to  continue  till  a  minimum 
value  is  reached,  which  would  either  remain  constant,  or,  as  the 
amount  of  carbonate  becomes  greater  than  that  of  hydrate  and 
carbonation  approaches  completion,  increase  again.  It  is  within 
the  range  of  probability  that  the  ultimate  final  strength,  which 
might  require  years  for  attainment,  would  be  greater  than  that 
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reached  in  the  first  few  months  of  setting.  A  set  of  long-time 
tests,  properly  designed,  should  yield  valnable  information  along 
these  lines. 

(b)  In  general,  the  greatest  strength  eomes  with  the  lower 
I)ercontages  of  water  nsed  in  slaking.  Eqnal  amonnts  by  weight 
of  water  and  of  dry  qniekJime  give  in  the  majority  of  cases,  the 
highest  results.  Higher  proportions  are  detrimental  to  tensile 
strength.    This  is  more  especially  noticeable  in  the  white  limes. 

The  generation  of  a  considerable  amount  of  heat,  and  conse- 
qncDtly  steam,  seems  essential  in  the  slaking  process,  as  ex- 
plained earlier.  Too  little  water  leaves  hydration,  and  therefore 
expansion  in  bulk,  incomplete  and  the  unslaked  lime  remaining 
receives  its  necessary  moisture  either  slowly  from  the  atmos- 
phere or  from  the  water  used  in  mixing  for  use.  The  latter  slow 
hydration  is  not  accompanied  by  the  necessary  rise  in  tempera- 
ture or  increase  in  volume.  Too  much  water  prevents  the  forma- 
tion of  steam  and  maximum  increase  in  bulk,  and  therefore  re- 
tards the  slaking.  A  high  excess  may  keep  the  temperature  so 
low  that  combination  between  water  and  quick-lime  may  be  evi- 
denced  by  few  if  any  signs  of  slaking  whatever,  for  hours  after 
immersion.  It  would  be  expected,  therefore,  that  such  a  per- 
centage of  water  as  would  produce  the  most  vigorous  slaking 
action  and  leave  a  satisfactory  moist  paste  would  afford  the  best 
results  when  tested.  This  amount  varies  with  different  limes 
;;s  noted  in  the  consideration  of  each  set  of  results.  In  every  in- 
stance, however,  the  percentage  giving  the  highest  strength  was 
that  amount  which  gave  the  best  slake  and  produced  the  most 
workable  paste. 

(c)  As  a  rule,  the  highest  strength  is  given  by  the  lowest 
proportions  of  sand,  the  curves  being  about  equally  divided  be- 
tween equal  parts  by  weight  of  sand  and  dry  quick-lime  and  two 
of  sand  to  one  of  lime. 

Economy  in  the  use  of  lime  demands  that  as  little  as  possible 
be  used  over  that  required  to  fill  the  voids  and  to  coat  each  grain 
of  sand  with  a  thin  film.  The  sand  particles  should  be  in  prac- 
tical contact  with  each  other  throughout.  The  percentage  of 
pore  space  in  the  standard  sand  used  in  these  tests  is  essentially 
40  per  cent.  (It  will  be  recallel  that  this  sand  is  a  clean,  rounded 
river  sand  and  represents  an  average  grade  and  quality  such  as 
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is  obtainable  along  the  etreams  of  Iowa.)  Theoretioally,  there- 
fore, a  voltime  of  slaked  lime  equal  to  40  per  cent  of  the  total 
space  enclosed  by  the  sand  is  required  to  fill  the  open  pores 
among  the  grains.  If  the  lime  could  be  confined  to  the  pore 
spaces  alone,  still  permitting  the  sand  particles  to  touch  at  all 
possible  points,  such  an  amount  of  lime  could  be  added  without 
increasing  the  apparent  volume  of  the  sand,  but  this  is  not  prao- 
tically  possible. 

As  noted  on  an  earlier  page  (page  103),  white  lime  hydrates 
range  in  specific  gravity  from  2.12  to  2.32,  and  the  magnesian 
averages  2.45.  Assume  an  average  for  white  limes  of  2.22  and 
2.65  for  quartz  sand.  To  be  equal  in  volume  to  the  voids  in  the 
sand  there  would  be  required  in  round  numbers  by  weight  36 
per  cent  of  the  dry  lime  hydrate.  That  is,  with  each  Rixty-four 
pounds  of  sand  should  be  mixed  thirty-six  of  slaked  li^e  (esti- 
mated dry)  to  just  fill  the  space  among  the  grains.  Th.  re  .fould 
be  required  of  the  average  dolomitie  lime  about  thirty-nine 
in  each  one  hundred  pounds  of  mixture  to  eliminate  the  voids 
in  such  a  standard  sand.  A  liberal  allowance  would  be  40  per 
cent  by  weight  in  each  case. 

The  results  of  the  tests  show  the  highest  strength  with  a  1 : 1  or 
50  per  cent  mixture.  As  lower  ratios  of  lime  and  sand  were  not 
employed,  it  is  impossible  to  do  other  than  speculate  on  the  pos- 
sible results  from  such  mixtures.  It  seems  probable  that  mix- 
tures as  low  in  lime  as  theoretically  required  to  fill  the  voids  may 
show  higher  strengths  than  the  lowest  proportion  used  in  the 
foregoing  tests.  This  limit  of  the  series  could  profitably  be 
extended  to  include  even  the  neat  lime  so  as  to  make  the  results 
conclusive.  As  the  lime  paste  is  ordinarily  used  in  practice,  it 
contains  from  50  to  65  per  cent  of  free  moisture,  the  white  limes 
carrying  the  larger  amounts.  In  order  to  make  calculations  on 
the  dry  basis  in  mixing  with  sand,  it  is  necessary  to  evaporate 
the  water  from  a  small  sample  of  the  paste,  weighing  before  and 
after  to  determine  its  percentage.  Practically,  al?(  .  sands  as 
they  come  from  the  bank  contain  a  considerable  pereentage  of 
fine  material  which  decreases  the  voids.  Biver  sands  range  in 
the  neighborhood  of  35  per  cent.  The  amount  of  voids  can  like- 
wise be  determined  as  directed  in  an  earlier  portion  of  this 
chapter. 
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(d)  The  white  limes  require  more  water  to  slake  properly, 
generate  more  heat  in  slaking,  slake  mnch  more  rapidly  and  re- 
duce to  a  more  uniform  paste  than  the  magnesian  limes.  The 
dolomitic  limes  set  and  harden  more  slowly  but  in-  many  cases 
attain  strengths  so  much  greater  than  do  the  white  limes  as  to 
be  almost  out  of  comparison*  They  will,  therefore,  stand  greater 
dilutions  of  sand  and  still  be  suMciently  strong  to  meet  the  re- 
quirements of  practical  use. 
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CHAPTER  III. 


*SELECIION  OF  POWEK  PLANT  AND  FQUIPMENT  FOR 

STOm:  OUARRiFS  IN  IOWA. 

It  is  the  purpose  of  this  report  to  discuss  the  principles  gov- 
erning the  selection  and  installation  of  the  engine  and  boiler 
plants  which  furnish  the  power  required  for  quarrying  and 
crushing  stone,  as  practiced  generally  in  Iowa  quarries. 

The  writer  has  assumed  that  in  the  selection  of  the  power 
producing  apparatus  the  following  requirements  exist:  All 
machinery  must  be  (1)  simple  in  design,  (2)  strong  in  construc- 
tion, (3)  reliable  in  action,  (4)  reasonable  in  first  cost,  and  (5) 
readily  handled  by  men  of  ordinarj''  intelligence  and  some  me- 
chanical aptitude. 

Economy  of  operation  should  also  receive  some  attention  but 
since  the  operation  of  the  plant  is  limited  to  the  open  season, 
economy  is  not  of  as  much  importance  as  the  other  requirements 
first  named. 

The  Power  House. 

The  building  in  which  the  engines  and  boilers  and  accessories 
are  placed  need  not  be  elaborate  or  expensive,  but  should  be  so 
constructed  as  to  protect  the  machinery  and  its  attendants  from 
the  weather  while  the  plant  is  in  use,  should  protect  the  machin- 
ery from  meddling  persons  and  the  weather  while  the  plant  is  not 
in  use  and  should  be  so  located,  and  the  machinery  so  arranged 
therein,  that  the  capacity  of  the  plant  can  be  increased  by  adding 
to  the  existing  building.  Plenty  of  light  and  controllable  ven- 
tilation are  very  desirable  in  the  power  house.  If  the  quarry 
is  large  and  likely  to  be  worked  for  several  seasons,  it  will  pay 
to  put  up  a  substantial  power  house.     The  use  of  stone,  as 

*  See  also  Iowa  Geological  Survey.    Vol.  XIV,  p.  S49. 
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masonry  or  ooDcrete,  naturally  saggeerts  itself  and  a  good  roof, 
doors  and  windows  to  be  shuttered  and  barred  dnrlng  the  winter 
should  be  included. 

Machinery. 

This  consists  usually  of  engines,  boilers  and  stacks,  and  feed- 
pumps or  injectors.  For  most  localities  feed  water  purifiers 
should  be  added  to  the  list.  If  crushing  is  not  a  part  of  the 
bnsiness,  the  boiler,  which  furnishes  steam  to  the  drill,  is  the 
principal  item  of  equipment.  Undoubtedly  future  practice  will 
develop  the  use  of  the  gas  or  gasoline  engine  for  driving  the 
crasher  and  air-compressor  for  drilling. 

BorLKRS. 

The  most  satisfactory  all  around  boiler  is  the  well  known  faori- 
Eontal  return  tubular  boiler  shown  without  the  brick  work  and 
castings  in  Fig.  1,  and  plate  XXVI.  Fig.  1  represents  a  boiler 
adapted  to  suspension,  to  whi<'h  reference  is  made  below.  For 
Iowa  coal  as  fuel  the  boiler  should  iiave  relatively  long  tubes, 
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should  be  set  high  above  the  grates,  should  have  liberal  grate 
surface  and  be  connected  to  a  stack  of  ample  capacity. 

Tubes  four  inches  in  diameter  should  be  eighteen  feet  long 
and  three  and  one-half  inch  tubes  should  be  sixteen  feet  long. 
Tubes  smaller  than  four  inches  are  not  advisable  for  natural 
draft  with  Iowa  coals,  on  account  of  the  excessive  soot  accumu- 
lation in  smaller  tubes. 

The  grate  surface  should  be  liberal  so  as  to  permit  the  use  of 
slack  or  the  carrying  of  a  heavy  enough  fire  of  any  grade  of  Iowa 
coal  to  compel  a  thorough  mixture  of  the  air  and  combustible 
gases  of  the  fuel. 

Twelve  square  feet  of  water  heating  surface  per  boiler  horse 
power,  and  one  square  foot  of  grate  surface  to  each  forty  square 
feet  of  heating  surface  will  be  found  satisfactory.  Rocking  and 
dumping  grates  are  very  desirable. 

Automatic  stokers  are  not  practicable  in  plants  for  quarries 
in  Iowa.  Most  boiler  shells  are  too  near  the  fire  for  the  eco- 
nomical use  of  Iowa  coal.  A  seventy-two-inch  boiler  should  be 
not  less  than  thirty-six  inches  above  the  grate.  The  following 
table  contains  approved  dimensions  for  boilers  of  this  type  for 
shells  from  forty-eight  inches  to  seventy-two  inches  in  diameter, 
and  from  sixteen  feet  to  eighteen  feet  in  length,  with  four-inch 
tubes : 

TABLE  GIVIXG  DIMENSIONS  FOR  BOILERS. 


Diameter  of  boiler. . 

Number  of  tubes 

Diameter  of  tubes. . . 
Thickness  of  shell . . . 
Thickness  of  head . . . 
Braces  above  tubes . . 
Braces  below  tubes. . 
Size  of  steam  pipe . . 

Size  of  feed  pipe 

Size  of  blow-od  pipe 


Heating  surface 


16  feet . 


,  18  feet... 
Rat«d  horse  power.  • .  {  }g   \l^' ' ' 


{  16   feet . . .  1 

^  I 

118   feet.. 

Diameter  of  60-foot  stack 


(irate  surface 


48  in. 

24 
4  in. 

A  in. 

12 

4 

3i  in. 

U  in. 

2  in. 
sq.  feet 

520 
sq.  feet 

585 

43.3 

48.7 
sq.  feet 

14 
sq.  feet 

15.8 

24  in. 


54  in. 

36 
4  in. 

A  in. 

i  in. 

20 

4 

4  in. 

Uin. 

2  in; 

sq.  feet 

715 

sq.  feet 

805 

59.5 

67 

sq.  feet 

J8 
sq.  feet 

22 
27  in. 


60  in. 

44 

4  in. 

A  in. 

i  in. 

30 

4 

4i  in. 

U  in. 

2  in. 

sq.  feet 

864 
sq.  feet 
972 
72 
81 
sq.  feet 

21.6 

sq.  feet 

24.3 

30  in. 


66  in. 
54 

4  in. 
I  in. 
i  in. 

30 
4 

5  in. 

H  in. 
2i  in. 
sq.  feet 

1042 
sq.  feet 

1270 

87 

90 
sq.  feet 

30 
sq.  feet 

33 
33  in. 


72  in. 

68 

4  in. 

I  in. 

A  in. 

40 

8 

6  in. 

Hin. 

2iin. 

sq. feet 

1325 

sq. feet 

1490 

110 

124 

sq.  feet 

as 

sq.  feet 

39.6 

36  in. 
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Herewith  is  a  standard  **  Specification '  *  for  boilers  of  the  same 
type,  based  upon  the  practice  recommended  by  the  Hartford 
Steam  Boiler  Inspection  and  Insurance  Company. 

SPECIFICATIONS  FOR  HORIZONTAL  RETURN  TUBULAR  BOILER,  72  INCHES  BY 

18  FEET. 

Working  Pressure.  125  Poi^nds. 

Type. — Horizontal  return  tubular. 

Dimensions, — Seventy-two  inches  in  diameter,  eighteen  feet 
long  from  outside  to  outside  of  heads,  with  smoke  extensions 
eighteen  inches  long  continuous  with  shell.  Thickness  of  shell, 
three-eighths  inch,  of  head,  one-half  inch. 

Material. — ^Best  open  hearth  flange  steel,  having  a  tensile 
strength  of  not  less  than  57,000  nor  more  than  62,000  pounds, 
and  deductility  corresponding  to  56  per  cent  reduction  of  area 
and  25  per  cent  of  longation.  All  plates  in  finished  boiler  to 
show  stamp  with  name  of  maker,  quality  and  tensile  strength. 

Riveting. — Triple .  riveted  butt-joints  for  longitudinal  seams 
and  single  riveted  lap  joints  for  girth  seams. 

Tubes  and  Braces. — Sixty-eight  tubes,  four  (4)  inches  in  di- 
ameter, eighteen  feet  long,  best  lap  welded  or  seamless  drawn, 
carefully  and  properly  expanded  with  Dudgeon  expander  and 
beaded  at  each  end.  Braces :  Forty  braces  above  tubes  and  four 
below  tubes,  the  former  crow  foot  form,  flat  or  round,  of  not 
less  than  one  square  inch  in  area  at  smallest  section,  the  latter 
1^/4  inches  in  diameter,  with  up-set  ends  for  IV^  inch  thread  at 
front  and  crow-foot  connections  at  back,  with  turned  bolt  1  1-16 
inch  diameter.    No  brace  less  than  3  feet  6  inches  long. 

Details  of  tube  sheet  lay-out  to  be  according  to  practice  recom- 
mended by  the  Hartford  Steam  Boiler  Inspection  and  Insurance 
Company. 

Supports. — Two  lugs  on  each  side.  Front  lugs  to  rest  on  cast 
iron  plates,  others  on  rollers  and  plates  to  permit  of  expansion. 
All  plates  12  by  12  by  IV2  inches.  Rollers  1  inch  diameter,  9 
inches  long,  three  at  each  plate.  Or  two  suspension  loops  on 
each  side,  of  IV2  inch  round  iron  securely  riveted  to  shell.  Col- 
umns and  double  channels  for  overhead  suspension,  with  equal- 
izing I-beam  at  back  end.  See  plate  XXVII. 

Construction. — ^No  dome.  Shell  in  three  rings,  each  ring 
formed  from  a  single  sheet,  horizontal  seams  above  the  fire 
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and  to  break  joints.  Heads  machine  flanged,  rivet  holes  drilled 
or  punched  and  reamed,  tube  holes  drilled  or  bored. 

Openings. — Two  man-holes,  11  by  15  inches  in  top  of  shell, 
10  by  15  inches  in  front  head,  under  tubes.  One  and  one-half 
inch  feed-water  pipe,  internal  from  front  head  over  tubes. 
Blow-off  flange  2^  inches.  Steam  nozzle  5  inches,  near  back 
end,  safety  valve  nozzle  4  inches,  near  front  end.  Both  nozzles 
flanged  and  fitted  with  companion  flanges  for  screwed  pipes  of 
same  size  as  nozzles. 

Castings. — ^Fronts.  Ornamental  three-quarter  arch  for  over- 
hanging extension.  Fronts  designed  to  allow  not  less  than 
42  inches  between  grate  and  boiler  shell  and  to  have  fire-door 
frames  for  8-inch  wall.  Tight  fitting  fire,  ash-pit  and  smoke 
extension  doors,  saddle  for  breaching  connection  with  balanced 
butterfly  damper.  Eight  wall  binders,  binder  rods,  anchor  rods 
for  front,  soot  door  and  skeleton  frames  for  fire  brick  arch  at 
back.  Uptake  14  by  60  inches.  Becking  dumping  grates  of 
approved  design  to  work  from  front  of  boiler. 

Fittings. — ^Eight-inch  brass  steam  gauge,  combination  water 
column,  4-inch  pop  safety  valve,  1%-inch  check  and  stop  valves 
and  214-inch  asbestos  blow-off  cock. 

Inspection  and  Test. — Before  shipment  test  with  cold  water  at 
175  pounds  per  square  ijich  and  furnish  certificate  of  inspection 
from  the  Hartford  Steam  Boiler  Inspection  and  Insurance  Com- 
pany, and  insurance  policy  in  the  same  company  for  one  year. 

ALTERNATE  SPECIFICATIONS  FOR  BOILER  06  INCHES  BY  18  FEET. 

Complying  with  specifications  for  the  72-inch  boiler,  except 
as  follows: 

Diameter,  66  inches.    Length,  outside  to  outside,  18  feet. 

Thickness  of  shell,  %-inch.  Eiveting,  double  riveted  lap  for 
longitudinal  seams. 

Fifty-four  tubes,  4  inches  by  18  feet. 

Braces  above  tubes,  34. 

Braces  below  tubes,  4. 

Uptake,  12  by  54  inches. 

Steam  pipe,  4V2-inch.    Safety  valve,  3i/2-iiich. 

Blow-oflf,  2-inch. 

Feed  pipe,  iy2-mcli. 


CAPACITIES  IN  HORSE-POWER  OF  CHIMNP:YS. 


161 


ALTERNATE  SPECIFICATIONS  FOR  BOILER  flO  INCHES  BY  18  FEET. 

Complying  with  the  specifications  for  the  72-inch  boiler,  ex- 
cept  as  follows : 

Diameter,  60  inches.    Length,  outside  to  outside,  18  feet. 

Thickness  of  shell,  5-16  inch.  Eiveting,  double  riveted  lap  for 
longitudinal  seams. 

Forty-four  tubes,  4  inches  by  18  feet. 

Braces  above  tubes,  30. 

Braces  below  tubes,  4. 

Uptake,  12  by  42  inches. 

Steam  pipe,  4-inch.     Safety  valve,  3V^inch. 

Blow-off,  2-inch. 

Feed  pipe,  li^-inch. 

Complete  specifications  and  setting  plans  for  any  size  of 
horizontal  return  tubular  boiler  can  be  had  by  applying  to  the 
Hartford  Steam  Boiler  Inspection  and  Insurance  Company. 
In  the  judgment  of  the  writer,  they  should  be  modified  along 
the  lines  suggested  in  the  above  specifications. 

The  capacity  of  the  stack  depends  upon  its  cross-sectional 
area,  its  height,  the  temperature  inside  and  outside  and  general 
atmospheric  conditions. 

The  table  given  below,  adapted  from  a  more  complete  table  in 
Snow^s  ''Steam  Boiler  Practice,**  p.  236,  gives  the  capacities 
in  horse  power  of  chimneys  or  stacks  of  various  heights  and 
diameters  for  ordinary  conditions  as  to  temperature  of  the  hot 
gases  and  for  average  atmospheric  conditions. 

TABLE   SHOWING   CAPACITIES  IN   HORSE-POWER   OF   CHIMNEYS. 


Inside 
dlame-    , 
ter, 
inches 

1 
Effective 
area, 
square 
feet 

1 

Height  of  Chimney  in  Feet 

00 

80 

100 

126 

150 

18 

0.97 

2.08 

3.58 

5.47 

7.76 

10.44 

13.51 

16.98 

34.76 

25 

54 

92 

141 

29 

62 

107 

las 

231 

1 

1 

24 

1 
1 

30 

'"  'ii9"" 

182 
258 
348 
449 
565 

36 
42 

204 
289 

:389 

632 
1294 

316 

48 

426 

54 

1 

551 

60 

692 

84 

1 

1418 

! 

1 

11 
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Plate  XXV II— Method  of  baugiuK  a  Rhell  boiler. 
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Plate  XXV II— Method  of  hauKiUK  a  shell  boiler. 
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Plate  XXV II— Method  of  tiaui{iu(s  a  shell  boiler. 
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A  substantial  brick  stack  is  better  than  an  nnlined  stael  stack 
snch  as  is  commonly  furnished  with  boilers,  but  a  self  support- 
ing steel  stack  lined  to  the  top  with  brick  is  considered  good 
and  costs  somewhat  less  than  an  all-brick  stack. 

For  Iowa  feed-water  the  boiler  should  be  made  as  accessible 
as  possible  for  interior  examination  and  cleaning.  To  this  end 
a  man-hole  below  as  well  as  above  the  tubes  is  a  necessity. 

A  dome  is  not  desirable,  <and  its  cost  can  be  saved  by  omitting 
it  from  the  specifications. 

The  feed-water  should  be  introduced  at  the  front  and  above 
the  tubes,  below  the  water  line,  through  a  pipe  extending  to 
within  two  feet  of  the  back  head,  and  discharged  downwards 
1;>etween  the  tubes  and  the  shell. 

The  boiler  should  preferably  be  hung  on  columns  by  means  of 
equalizing  levers  and  hangers,  so  as  to  keep  the  shell  free  from 
strains  due  to  settling  of  the  brick  work. 

A  method  of  hanging  a  shell  boiler  which  can  be  applied  to 
a  boiler  of  any  size  is  shown  in  plate  XXVII  as  designed  by  the 
writer  for  a  54-inch  boiler,  16  feet  long. 

Plate  XXVIII  shows  the  standard  setting  plans  for  a  72-inch 
by  18-foot  boiler.  For  other  sizes  the  thickness  of  walls  would 
be  the  same,  but  the  general  dimensions  would  conform  to  the 
size  of  the  boiler  shell.  The  overhanging  front  shown  is  better 
than  the  flush  front.  Two  lugs  on  each  side  would  be  better  than 
three,  as  shown. 

Size  of  Boiler. — The  boiler  must  be  large  enough  to  drive  the 
engine  and  the  drills.  The  information  needed  must  be  obtained 
from  the  builders  of  the  machines  and  a  margin  allowed  for 
poor  coal  or  fireman  or  both.  It  is  impossible  to  state  a  general 
rule  for  determining  the  size  of  the  boiler  except  twelve  square 
feet  of  water  heating  surface  equals  one  horse-power  of  boiler 
capacity  for  this  class  of  work. 

BOILER  FEEDING. 

The  most  reliable  boiler  feeder  is  a  direct  acting  single  or 
duplex  pump  as  illustrated  in  Figures  2  and  3  and  plate  XXIX. 
The  exhaust  therefrom  can  be  used  to  help  in  the  heating  of  the 
feed-water  as  explained  later.  A  second  pump,  or  an  injector, 
should  be  installed  in  reserve. 
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Fia.  1— Type  ol  boiler  feed-pump,  duplex. 

The  nse  of  cold  feed-water,  where  it  can  ho  heated  by  other- 
wise waste  heat,  is  uneconomical.  It  is  perfectly  practicable 
by  means  of  exhaust  steam  from  the  auxiliary  engines  (pumps), 
or  the  main  engine,  to  beat  the  feed-water  to  200  degrees  F., 
or  even  210  degrees  F.  This  will  effect  a  saving  of  10  per  cent 
or  more  in  ihe  fuel  consumed  by  the  boiler. 


FiO.  a— Duplex  p 
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The  use  of  cold  feed-water  is  also  bad  for  the  boiler,  because 
of  8U(]den  strains  thrown  upon  the  shell  plates  and  seams, 
which  lessen  the  life  of  the  boiler. 

Feed-water  heaters  can  be  built  so  that  they  will  act  as  puri- 
fiers, thus  counteracting  in  a  measure,  the  ^^ hardness"  of  the 
feed- water. 

The  cost  of  a  heater  and  purifier  is  insignificant  compared 
with  the  saving  effected  by  its  installation  and  use. 

When  waste  heat  is  applied  to  the  feed-water  the  saving  which 
may  be  effected  is  given  by  the  following  table : 

TABLE   GIVING    PERCENTAGE   OF   FUEL    SAVED    BY    HEATING 

FEED-WATER. 

(8t«am  Pressure,  80  Pounds.) 


iDltial 
Temper- 

Temperature of  Water  Entering  Boiler 

—Degrees  F. 

ature  of 

• 

Water 

180° 

180°           200° 

^° 

204° 

208° 

206°      1 

210° 

212° 

40°  F... 

10.23 

11.93       13.64 

13.81 

13.87 

14.15 

1 
14.32  . 

14.49 

14.66 

50°  F... 

9.46 

11.18      12.90 

13.07 

13.24 

13.41 

14.58  : 

13.75  1 

13.92 

eo°  F... 

8.67 

10.40  ;    12.13 

12.31 

12.48 

12.65 

12.83  : 

13.00 

13.17 

70°  F... 

7.87 

9.62  1    11.37 

11.54 

11.72 

11.89 

12.06 

12.24 

12.41 

80°  F... 

7.08 

8.85  ;.  10.61 

1 

10.78 

10.95 

11.12 

11.29  i 

1 

11.46 

11.63 

There  are  many  forms  of  exhaust  feed-water  heaters  on  the 
market.  They  may  be  classified  as  open  heaters  and  closed 
heaters. 

Fig.  4  shows  in  diagram  the  essential  features  of  the  open 
heater  and  Fig.  5  those  of  the  closed  heater. 

Two  principal  differences  are  noted.  In  the  open  heater  the 
steam  and  the  feed-water  are  in  contact  and  the  feed-water 
is  not  under  pressure.  In  the  closed  heater  the  steam  and  the 
feed-water  are  under  pressure. 

In  ge^eral  there  are  claimed  for  the  open  heater  the  following 
principal  advantages : 

1.  The  open  heater  is  essentially  more  efficient  than  the 
closed  heater,  because  the  steam  which  furnishes  the  heat  comes 
into  intimate  contact  with  the  water  to  be  heated,  and  the  re- 
sulting temperature  of  the  latter  is  higher  than  can  be  in  the 
case  of  the  closed  heater,  wherein  all  heat  transfer  must  be 
effected  through  metal  partitions  which  offer  some  resistance 
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to  such  transfer.  With  water  free  from  scale-forming  solids 
and  from  grease,  this  resistance  is  practically  negligible  where 
the  metal  partitions  are  of  clean  copper,  but  in  the  majority  of 
cases  the  feed-water  is  far  from  pure  and  the  conductivity  of 
the  metal  partitions  is  seriously  impaired  by  scale  and  grease. 
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Fio  4— Open  fet-d-water  heater. 

2.  The  open  heater,  as  usually  construeted  (See  Pig.  4),  is 
provided  with  pans,  trays  or  troughs  over  which  the  feed-water 
passes  at  a  low  velocity,  depositing  thereon  much  of  the  scale- 
forming  matter;  in  fact,  a  portion  of  the  scale  is  deposited 
in  the  heater  instead  of  in  the  boiler.  This  partial  purification 
is  effected  without  impairing  the  efficiency  of  the  heater.  In 
the  closed  heater  the  deposition  of  the  scale  on  the  metal  parti- 
tion is  objectionable  as  above  stated. 
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3.  If,  for  any  reason,  the  exhaust  steam  of  the  main  engine 
is  otherwise  utilized,  ihe  exhaust  Erteam  from  the  feed  pump 
and  other  auxiliaries  can  he  used  in  either  style  of  heater.  In 
either  case  most  or  all  of  it  will  be  condensed  by  the  feed-water. 
In  the  open  heater  this  results  in  a  direct  saving  in  the  amount 
of  water  required  for  the  plant. 

4.  In  the  open  heater  the  air  in  the  feed-water  is  largely 
liberated  by  the  heat  and  passes  off  with  the  exhaust  steam. 
In  general  the  closed  heater  should  be  used  if  the  water  is  very 
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free  from  mineral  impurities  or  contains  only  those  impurities 
which  will  not  precipitate  at  the  temperatures  attainable  with 
exhaust  feed-water  heaters. 

If  the  closed  heater  is  used  it  should  be  placed  in  the  main 
exhaust  pipe  and  the  feed-water  may  be  handled  with  an  injector 
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arranged  to  deliver  to  the  boiler  through  the  heater,  thus  saving 
the  difference  in  cost  between  a  pump  and  an  injector.  All 
things  taken  into  account,  the  open  heater  will  best  meet  the 
needs  of  the  plants  under  consideration. 

In  selecting  an  open  heater  the  following  features  should  be 
required : 

1.  A  separator,  either  as  an  integral  part  of  the  heater  itself, 
as  indicated  in  Fig.  4,  or  as  a  separate  appliance  in  the  main 
exhaust  pipe,  or  in  each  of  the  exhaust  pipes  of  all  engines  dis- 
charging their  exhaust  through  the  heater.  The  former  design 
is  preferred. 

2.  A  reservoir  or  receiver  for  the  heated  water,  so  .designed 
that  the  water  is  kept  hot  until  withdrawn  by  the  pump.  One 
way  of  constructing  •such  a  reservoir  is  shown  in  Fig.  4.  The 
exhaust  steam  passes  through  a  number  of  tubes  surrounded  by 
the  feed-water. 

3.  The  reservoir  should  be  capacious  and  provided  with 
blow-off,  overflow  and  water  glass.  The  f'oed  pump  connection 
should  be  a  few  inches  above  the  blow-off. 

4.  A  large  heating  and  purifying  chamber  containing  pans, 
trays  or  troughs  so  arranged  that  the  cold  feed-water  shall  flow 
over  all  of  them  in  order  that  the  exhaust  steam  shall  be  com- 
pelled to  come  in  contact  with  the  water  on  every  tray. 

5.  The  trays  should  be  readily  removable  and  of  such  con- 
struction that  the  accumulation  of  scale  thereon  can  be  knocked 
off  or  picked  off  without  injury  to  the  trays. 

It  is  a  good  plan  to  extract  the  grease  from  the  exhaust  steam 
used  for  heating  the  feed-water,  because  most  cylinder  oils  are 
injurious  to  a  boiler  when  allowed  to  accumulate  therein. 

FIRING. 

A  bad  fireman  is  a  poor  investment,  even  if  he  pay  for  the 
privilege  of  firing,  and  a  good  fireman  is  a  jewel.  In  spite  of  the 
extensive  use  of  automatic  stokers  in  large  plants,  it  remains 
a  fact  that  intelligent  hand  firing  is  more  economical  than 
machine  firing  for  most  plants.  The  secret  of  good  firing  is  in 
securing  the  right  amount  of  air  at  all  points  in  the  fire.  The 
top  of  the  stack  is  a  good  indicator  of  the  economy  of  the  fire 
box,  and  a  window  in  the  roof  of  the  boiler  room,  with*a  man 
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under  it  who  will  look  up,  are  useful  adjuncts  to  any  boiler 
room. 

For  the  proper  handling  of  his  fuel  the  fireman  should  have 
knowledge  of  its  properties.  For  the  information  of  users  of 
Iowa  Goal  the  following  discussion  will  be  found  of  value: 
Iowa  coals  are  almost  entirely  bituminous  and  non-coking. 
**In  nearly  all  cases  ordinary  breakage  of  coal  yields  more  or 
less  of  cubical  blocks  of  varying  size"  which  are  much  broken 
up  by  transportation  and  weathering.  The  amount  of  break- 
age depends  also  upon  whether  the  ''long  wall"  or  ''shooting" 
method  of  mining  is  used.  In  the  former  the  coal  is  undermined 
and  broken  off  by  settling  of  the  roof  or  wedged  down,  and 
in  the  latter  the  coal  is  removed  by  drilling  and  blasting.  The 
latter  process  breaks  up  the  coal  very  thoroughly  and  is  a 
quicker  process,  but  lessens  4;he  value  of  the  product. 

An  average  of  64  analyses  by  the  State  Geologist  gives  the 
following  chemical  composition : 

*Moiflture H.57 

Fixed  carbon ^ ^ 4.5 .42 

Volatile  matter 39.24 

Ash H .  77 

100.00 

Analyses  of  coal  from  16  mines  in  the  Des  Moines  River  dis- 
trict give : 

**Moi8ture H.08 

Fixed  carbon 4o.60 

Volatile  matter :^.14 

Ash 8.18 

100.00 
Sulphur : 3.42 

or  on  the  basis  of  oven  dried  samples, 

*  »Fixed  carbon 49.62 

Volatile  matter 41.49 

Ash 8.89 

100.00 
Sulphur 3.72 

*  Hteam  Boiler  Economy,  Kent,  page  74. 

••F.  M.  Weakly,  The  lo'wa  Engineer,  June,  1902. 
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In  1901-02,  at  the  Iowa  State  College,  Mr.  F.  M.  Weakly 
made  a  study  of  the  chemical  compositions  of  Iowa  coals,  from 
which  the  following  is  quoted : 

**The  moisture  in  Iowa  coals  varies  (for  the  coals  tested) 
from  4.03  to  17.47,  the  average  being  8.08.  This  moisture  is 
high,  as  compared  with  that  in  coals  of  other  states. 

'*  Eliminating  moisture  from  our  comparisons,  in  volatile 
matter  the  Iowa  coals  are  rich,  varying  from  36.94  to  48.69, 
with  an  average  of  41.49. 

'*The  fixed  carbon  ranges  from  44.86  to  54.91,  with  an  aver- 
age of  49.62,  slightly  lower  than  that  of  many  coals  from  other 
states. 

**  Total  combustibles  are  high,  running  from  84.88  to  95.91, 
with  an  average  of  91.11. 

*'Ash  is  low,  being  from  4.09  to  15.12,  with  an  average  of 
8.89. 

"Sulphur  is  high,  from  2.27  to  7.41,  with  an  average  of  3.72. 

''The  coals  high  in  sulphur  are  also  high  in  ash.*' 

Concurrently  with  the  work  of  Mr.  Weakly,  Messrs.  Austin 
and  Peshak,  under  the  direction  of  the  writer,  determined  the 
cAlorific  powers  of  samples  of  ooal  from  twenty  or  more  mines 
from  the  same  district,  fourteen  of  the  samples  being  the  same 
as  used  by  Mr.  Weakly. 

The  following  table  exhibits  the  results  of  the  work  of 
Messrs.  Austin  and  Peshak: 

CAIX)RIFIC  POWER  OF  IOWA  COALS  AND  OTHER  FUELS. 

PER  POUND  OP  DRY   FUEL. 

B.T.  U. 

Slack  coal,  Marquisville,  Iowa 10574 

Spring  Valley,  111 12608 

West  Virginia  screenings 11361 

.  Lumsden  Coal  and  Mining  Company 12097 

Des  Moines  Coal  and  Mining  Company 12041 

Whitebreast  Fuel  Company,  Hilton,  Iowa 12396 

Whitebreast  Fuel  Company,  Pekay,  Iowa 13050 

Hocking  Valley  Coal  Company,  Mine  No.  1 12037 

Hocking  Valley  Coal  Company,  Mine  No.  2 125H0 

Lumsden  Coal  Company,  Bloomfield,  Iowa 13204 

Kalo,  Iowa  10461 

Centerville  Block  Coal  Company 12881 

Eldon  Coal  and  Mining  Company,  Laddsdale 13141 
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Consolidated  Coal  Company,  Buxton,  No.  10 12030 

Consolidated  Coal  Company,  Buxton,  No.  11 10585 

Lodwick  Brothers  Coal  Company,  Mystic 12780 

Carbon  Coal  Company,  Willard 12245 

Crewe  Coal  Mining  Company,  Boone 12729 

Corey  Coal  Company,  Lehigh , 12431 

Piatt  Pressed  and  Fire  Brick  Company,  Van  Meter 11941 

Jasper  County  Coal  and  Mining  Company,  Colfax 12134 

Empire  Coal  Company 10881 

A .  A .  Conway  Coal  Company 10132 

Anthracite  coal 12532 

Crude  petroleum,  Beaumont,  Texas 19000 

Crude  petroleum,  Chanute,  Kansas 19488 

Lamp  black 14467 

CALORIMETER  TESTS. 

In  the  subjoined  table  are  presented  the  heating  values  and 
in  some  cases  other  information  obtained  from  samples  of  Iowa 
coal  gathered  from  boiler  rooms  and  car  lots  as  delivered  to 
consumers.  The  Parr  Standard  Coal  Calorimeter  was  used  in 
the  calorimetric  determinations. 


Designation 


County 


Grade 


B.  T.  U. 

per  lb. 

Dry  Coal 


Hmoky  Hollow 

Anchor 

Anchor 

Roseland 

Avery 

Colfax 

Flint  Brick 

Norwoodville . . . 
Mammoth  Vein 
Gibson  Coal 
Mining  Co 
Centerville  Blk. 


Inland  Fuel  Co . . 

*Johnson,  9 

Johnson,  5 

Rogers,  3 

Heaps  dc  Crowe,  1 
Heaps dt Crowe,  4 
Marquisville 


Jasper.. 
Polk.... 
Polk.... 
Marion  . 


Steam  . 
Steam  . 
Lump  . 
Steam  . 
S  eam  . 
Steam  . 
Steam  . 
Steam  . 
Lump  . 


I 


Proximate  Analysis 


Carbon 


Vola- 
tile 


Fixed 


Ash 


9719 
9963 

11027 
8594 
9655 

10742 
9952 

10479 

10019 


Polk....j  Lump  ..  10244 
Appa-     i 

noose. I  Lump  ..  10723 

Lucas  . .  I  Lump  . .  10242 

Boone  . .   Slack . . .  7363 

Boone  . . '  Lump  . .  11412 

Boone..    Slack...  7463 

Boone  . .    Lump  . .  9905 

Boone..    Slack...  7588 

Polk....    Nut....  11136 


35.4 
33.0 
30.7 
30.7 
MA 
30.8 
30.1 
32.3 
33.1 

3H.9 

35.5 
30.4 
22.1 
27.7 
20.4 
27.8 
14.8 
30.0 


37.8 
41.7 
45.0 
41.2 
39.5 
41.5 
39.5 
38.4 
37.4 

:^.i 

39.3 
41.4 
26.1 
41.6 
26.1 
32.9 
31.2 
43.5 


16.0 
15.3 
16.0 
15.7 
15.0 
16.2 


Moist- 
ure 


10.8 
10.0 
8.2 
11.2 
11.0 
11.5 


Snl- 
pliar 


16.2 

13.0  ! 

15.0 

14.2 

15.2 

14.2 

14.0 

13.8 

10.9 

14.0 

12.6 

15.3 

40.1 

11.7 

15.2 

15.3 

41.2 

12.0 

26.0 

13.3 

42.0 

12.0 

20.6 

5.8 

5.03 


4.66 

6.15 

4.26 
3.19 


*Ttae  namber  of  cars  of  each  kind  from  which  samples  were  obtained  is  indicated  by  the 
numerals. 
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In  1900  boiler  tests  at  the  Iowa  State  Ck>llege  gave  the  re- 
stdts  exhibited  in  the  table  below: 

TABLE  SHOWING  COST  OF  FUEL  AND  OF  STEAM. 


Kind  of  Fuel 


a 
o 

©-^ 
ao 

CD     - 
ON 


I 

oao 


Marquisville  slack 

Marquisville  steam 

Marquisville  nut 

Marquisville  lump 

Coke,  eastern  foundry 
Anthracite  nut 


$1.43 
2.35 
2.54 
2.28 
8.00 
8.95 


14.9  cents 
21.2  cents 
21.5  cents 
24.0  cents 
60.4  cents 
52.8  cents 


The  interesting  features  of  these  results  are  the  prohibitive 
cost  of  anthracite  and  coke  and  the  advantage  of  slack  over  the 
better  grades  of  coal  from  the  same  mine. 

It  is  evident  that  transportation  charges  will  materially  change 
the  relative  values  of  coal  for  steam  generation.  It  is  also  true 
that  the  method  of  handling,  the  design  of  the  boiler  setting 
and  the  character  of  the  fuel  itself  as  to  ash,  sulphur  and 
moisture  will  materially  influence  the  cost  of  generating  a  unit 
quantity  of  steam. 

Methods  of  Firing. — ^Frequent  and  small  charges  of  fuel  in- 
telligently distributed  will  enable  the  burning  of  the  poorest 
fuel  with  a  minimum  of  smoke  and  a  maximum  of  economy 
even  in  furnaces  which  are  not  ideal  in  their  construction. 
Slack  and  steam  coal  should  be  fired  in  thin  beds,  throe  to  six 
inches,  and  lump  coal  ten  to  twelve  inches,  and  the  fires  should 
not  be  disturbed  too  often  by  shaking  or  poking. 

Wetting  the  fuel  before  firing  is  sometimes  useful  in  pro- 
moting coking  and  preventing  the  carrying  off  small  particles  of 
unbumed  coal. 

Flues  should  be  frequently  cleaned  by  scraping  or  blowing 
with  steam  or  air.  A  steam  jet  over  the  fire  is  useful  when  the 
coal  is  freshly  fired,  but  is  detrimental  at  other  times.  If 
used  continuously  the  loss  of  heat  in  the  steam  is  appreciable, 
and  being  useless,  is  inexcusable. 
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The  ideal  conditions  for  combustion  exist  when  the  air  sup- 
ply is  from  one  and  one-half  to  two  times  the  theoretical 
amount  and  when  the  same  is  thoroughly  mixed  with  the  com- 
bustible portion  of  the  fuel  at  a  temperature  equal  to  or  greater 
than  the  temperature  of  ignition.  These  conditions  can  be  very 
nearly  attained  for  Iowa  coal  if  the  principles  of  the  boiler  and 
the  furnace  design  and  operation  above  enumerated  are  fol- 
lowed. 

ENGINES. 

The  selection  of  an  engine  is  not  governed  by  rules  so  much 
as  by  the  individual  judgment  of  the  purchaser.  Consequently, 
engines  vary  more  in  detail  than  boilers  of  the  type  above  dis- 
cussed. 

The  writer  is  of  the  opinion  that  up  to  100  horse  power  the 
moderate  speed  throttling  or  automatic  engine  will  best  meet 
the  needs  of  quarrymen.  For  either  type  the  following  general 
proportions  should  be  observed: 

Diameter  of  steam  pipe  equal  to  one-third  cylinder  diameter. 

Diameter  of  exhaust  pipe  equal  to  one-half  cylinder  diameter. 

Diameter  of  piston  rod  equal  to  one-sixth  cylinder  diameter. 

Diameter  of  shaft  equal  to  one-half  cylinder  diameter. 

Diameter  of  crank  pin  equal  to  one-third  to  one-half  cylinder 
diameter. 

Length  of  connecting  rod  equal  to  three  times  length  of  stroke. 

The  effective  power  of  a  single  cylinder,  high  or  medium 
speed  engine  can  be  calculated  by  use  of  the  formula: 

Horse  power  =  0.002  x  L  x  A  x  N  wherein 
L  =  length  of  stroke  in  feet. 
A  =*  area  of  piston  in  square  inches. 
N  ==  number  of  revolutions  per  minute. 

The  engines  are  supposed  to  use  steam  at  125  pounds,  boiler 
pressure.  Increase  in  boiler  pressure  will  give  a  proportionate 
increase  in  capacity  of  engine  in  either  case. 

In  addition,  it  should  be  remembered  that  durability  is  pro- 
portional to  weight,  and  that  weight  is  cheap  in  first  cost, 
that  convenience  in  adjustment,  simplicity  of  detail  and  perfect 
lubricating  devices  are  essential. 
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Engine  foundations  should  be  massive  and  well  built.  They 
should  re&t  on  hard  and  natural  soil  or  rock,  and  the  engine 
should  be  securely  bolted  thereto. 

Size  of  Engine. — Double  the  power  required  to  drive  the 
crusher  or  other  machinery.  This  margin  is  necessary  to  allow 
for  friction  and  other  losses  in  belts,  shafting,  etc.,  and  leakage 
of  engine  due  to  wear  in  service  or  neglect. 

MINOR   ITEMS. 

All  live  steam  pipes  and  fittings  and  the  tops  of  boilers  should 
be  thoroughly  lagged  with  sectional  non-conducting  covering 
or  its  equivalent.  Such  covering,  if  of  good  quality,  will  last 
ten  or  fifteen  years  and  will  pay  for  itself  in  five  years  in  the 
saving  of  heat  that  would  otherwise  be  lost  by  radiation.  It  is 
important  that  the  pipe  covering  should  be  applied  with  care 
in  order  to  have  the  pipe  completely  covered  by  the  covering, 
and  not  merely  by  the  canvass  wrapper.  The  latter  should  be 
thoroughly  pasted  down  and  the  metal  bands  tightened. 

Self-oiling  bearings  or  other  continuous  oiling  devices  and 
an  oil  filter  will  save  their  cost  in  a  year  and  will  last  many 
years. 

When  properly  cared  for,  the  leather  belt  is  the  most  satis- 
factory in  the  long  run,  but  the  writer  believes  that  rope  trans- 
mission will  be  found  to  be  adapted  to  quarry  work,  by  the 
reason  of  its  flexibility  and  its  ability  to  endure  exposure. 

Narrow  double  belts  are  better  than  wide  single  belts  of  the 
same  weight. 

A  belt  speed  of  3,000  feet. per  minute  gives  good  results.  At 
this  speed  a  double  belt,  glued  joints,  one  inch  wide,  will  trans- 
mit easily  four  to  five  horse  power  if  the  pull  is  steady  and  not 
jerky. 

A  rope  can  be  safely  run  at  4,500  feet  per  minute,  and  a  one- 
inch  rope  at  this  speed  will  transmit  from  a  single  groove  pul- 
ley not  less  than  thirteen  horse  power. 

TRANSMISSION    OF   STEAM   TO   THE   DRILLS. 

The  steam  main  should  be  carried  on  posts  with  brackets  and 
can  be  conveniently  protected  from  rain  and  excessive  conden- 
sation by  an  inverted  wooden  trough  covered  at  the  joints  with 
tar  paper  or  equivalent. 
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The  pipe  should  be  supported  every  ten  feet  and  should  have 
if  possible,  a  uniform  grade  in  the  direction  of  flow,  of  not  less 
than  one-half  inch  to  ten  feet.  When  a  continuous  grade  can- 
not be  obtained  the  low  points  should  be  provided  with  drips. 
The  size  of  pipe  for  a  given  number  of  drills  will  depend  upon 
the  steam  required  to  operate  them  and  upon  the  distance  which 
the  steam  has  to  be  carried. 

In  a  large  plant,  it  will  pay  to  put  up  a  good  steam  line  and 
to  protect  it  with  efficient  covering,  because  wet  steam  will  not 
drive  a  drill  as  economically  as  dry  steam.  If  the  steam  reaches 
the  drill  wet  the  water  should  be  ** dripped*'  off  before  entering 
the  drill. 

The  steam  should  be  shut  off  from  the  pipe  line  when  the 
drills  are  not  needed,  as  at  night  or  any  other  considerable 
period  of  time. 

Gas  Eniilne  Power  for  Quarries. 

At  present  the  gas  engine  is  not  sufficiently  reliable  for  the 
uses  of  the  quarry.  The  writer  believes,  however,  that  the  gas 
engine  will  some  day  enter  this  field  in  those  parts  of  Iowa 
where  coal  is  expensive  and  that  the  power  expense  of  quarry- 
ing will  thereby  be  materially  reduced.  With  it  will  come  the 
air  compressor  and  air  drill  or  the  dynamo  and  the  electric 
drill,  both  of  which  have  been  successful  in  mining  operations. 

In  this  connection,  attention  is  invited  to  certain  tests  made 
by  the  United  States  Geological  Survey  during  the  period  of 
the  Louisiana  Purchase  Exposition  and  at  the  government  test- 
ing plant  established  there.  These  tests  can  be  studied  in  detail 
by  referring  to  Bulletin  No.  261,  United  States  Geological  Sur- 
vey, obtainable  through  your  Congressman,  or  by  direct  appli- 
cation to  the  Survey  at  Washington. 
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Samples 


B.  T.  U 

.  per  lb. 

Average  K.  W. 
at  switch- 

Dry coal  per 

Dry  Coal 

board 

K.  w.  hour 

4-> 

♦* 

«^ 

a 

a 

a 

a 

b 

d 

»4 

es 

b 

p. 

0«J 

A 

P. 

0} 

i 

4iJ 

da 

6 

Gd 

da 

S 

sa 

•Ota 

2*5 

•Oca 

» 

Oui 

OQ 

f^ 

OD 

Ok 

Alabama  No.  2 

Colorado  No.  1 

Illinoifi  No.  3 

Illinois  No.  4 

Indiana  No .  1 

Indiana  No.  2 

Indian  Territory  No.  1 

Kentucky  No.  3 

Missouri  No.  2 

West  Virginia  No.  1 . . , 
West  Virginia  No.  4. . . 
West  Virginia  No.  9. . , 
West  Virginia  No.  12 . . 
Wyoming  No.  2 

Averages 


12 
12 
12 
12 
13 
12 
12 
13 
11 
14 
14 
14 
15 
10 


,555 
,577 

,a57 

,459 
,377 
,452 
,a34 
,036 
,500 
,198 
,002 
,616 
,170 
,897 


13,365 
12,245 
13,041 
12,8:^4 
13,037 
12,953 
13,455 
13,226 
11,882 
14,396 
14,202 
14,580 
14,825 
10,656 


13,037 


13,192 


158 
115 
147 
145 
163 
142 
143 
155 
152 
146 
157 
154 
151 
135 


148 
148 
148 
148 
148 
149 
152 
148 
128 
148 
148 
149 
148 
149 


5.50 
6.51 
5.85 
6.47 
5.56 
5.a5 
5.44 
5.68 
6.62 
5.25 
4.87 
4.66 
4 .  75 
7.94 


5.71 


2.21 
2.30 
2.41 
2.37 
2.60 
2.08 
2.46 
2.57 
2.30 
2.12 
1.74 
2.14 
2.02 
2.78 


S 
o 

a 
o 

9> 


o 

<d 


2.48 
2.83 
2.43 
2.73 
2.14 
2.81 
2.21 
2.21 
2.88 
2.48 
2.80 
2.18 
2.35 
2.85 


2.29 


2.49 


In  the  above  table  are  shown  the  principal  results  of  steam 
and  producer  gas  engine  tests  of  certain  soft  coals,  some  of 
which  are  comparable  with  Iowa  coals.  Fourteen  tests  are 
here  quoted.  The  favorable  showing  of  the  producer  gas  en- 
gine in  these  tests  is  significant.  While  it  is  true  that  the  steam 
engine  used  was  a  simple  non-condensing  engine  having  a 
'*  water-rate ' '  of  23.6  pounds,  it  is  also  true  that  the  gas  engine 
in  the  large  sizes  is  still  in  an  experimental  stage,  especially  in 
those,  features  of  its  design  and  operation  which  affect  its  utility 
in  plants  where  only  ordinary  skill  can  be  expected  to  be  exer- 
cised. 

Of  the  coals  li&ted  in  the  above  table,  Missouri  No.  2  resembles 
most  closely  the  Iowa  coals — its  principal  proportions  being 

Moisture .' 11 .60 

Carbon,  volatile a5.28 

Carbon,  fixed 38.28 

Ash 14.84 

Sulphur 4.56 

Calorific  value 11500  to  11882 


12 
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and  the  average  of  Iowa  coals  being 

Moisture 13.16 

Carbon,  volatile 33.36 

Carbon,  fixed 39.69 

Ash 13 .  76 

Sulphur 4.65 

Calorific  value 10019  to  11027 

* '  The  high  percentage  of  sulphur  in  the  coal  did  not  add  to  its 
value  as  a  producer  fuel,"  is  a  remark  made  in  the  government 
report  in  connection  with  these  tests,  which  sentiment  has  been 
modified  materially  in  the  view  of  later  experience  to  which  ref- 
erence is  bad  below. 

The  lack  of  correspondence  between  the  relative  values  of  the 
several  coals  in  the  table  for  steam  and  producer  tests  indicates 
that  a  given  producer  may  be  better  adapted  for  handling  a 
wide  variety  of  coals  than  is  a  given  boiler  furnace. 

The  table  also  shows  that  for  these  tests  and  conditions  the 
percentage  saving  in  fuel  of  the  producer  over  the  steam  plant 
is  greater  for  the  poorer  coals,  and  this  is  an  entirely  reason- 
able view  because  the  volatile  constituents  of  the  coal  in  the  pro- 
ducer escape  only  through  the  engine  cylinder  in  which  their  com- 
bustion is  quite  completely  effected ;  whereas,  with  steam  genera- 
tion with  volatile  fuels  under  a  boiler,  various  and  large  pro- 
portions of  the  volatile  matter  escape  to  the  chimney  unbumed. 

The  tests  above  quoted  were  largely  in  the  nature  of  prelim- 
inary tests  and  considerable  difficulties  were  met  with  in  ob- 
taining reliable  results. 

In  the  year  following  the  exposition,  viz.,  1905,  better  ar- 
rangements were  available  for  the  tests,  and  the  matter  was 
again  entered  into  much  more  thoroughly.  A  notable  change 
in  the  conditions  surrounding  the  second  series  of  tests  was  in 
their  length.  It  was  possible  to  secure  continuous  periods  of 
operation  for  each  test  of  from  forty  to  sixty  hours,  which 
was  not  possible  in  the  earlier  tests. 
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Samples 

B.  T.  U. 

Per  lb. 
Dry  Coal 

Ash 

Sulphur 

Dry  Coal  Per  K. 
w.  Hour. 

Steam 

Pro- 
ducer 

Ratio 

Illinoie  No. 

fi 

12762 
12730 
12020 
12438 
12929 
12348 
13370 
12600 
12060 
11749 
12874 
12970 
13000 

16.0 
18.9 
11.6 
11.5 
10.6 
10.8 
11.5 
10.2 
12.4 
13.5 
10.3 
10.0 
9.4 

4.6 

4.16 

4.64 

4.92 

1.35 

2.09 

1.65 

1.66 

4.16 

4.06 

1.47 

4.59 

0.53 

7.13 
5.85 
7.41 
7.00 
7.70 
6.02 
6.62 
6.12 
7.16 
6.82 
5.70 
6.40 
5.65 

2.40 
3.50 
2.31 
2.38 
1.95 
1.82 
4.00 
2.14 
2.10 
2.18 
2.25 
2.03 
1.79 

2.98 

7 

1.67 

8 

3.20 

9 

2.94 

10 

3.95 

Washed 

11 

3.32 

11 

1.65 

13 

2.87 

14 

3.40 

15 

3.14 

16 

2.54 

18 

3.15 

19 

3.16 

Averajre 

2.92 

Indiana  No.      5 

**         **        6 

ILanflas  No.       5 

12600 
125a5 

11.5 
12.5 
10.2 

4.0 
11.4 

3.5 
15.3 
23.4 

5.00 
4.71 
3.18 
0.47 
3.54 
0.82 
7.36 
2.94 

6.41 
6.41 

"4.83" 

"4.64  ' 
7.96 
8.85 

2.20 
2.32 
2.02 
1.79 
2.55 
1.36 
2.40 
3.12 

2.92 
2.77 

Kentucky  No.  5 

Dakota  lignite 

•  •••  •  •••• 

14500 

2.69 

West  Virginia 

14500 

10518 

9900 

3.41 

Wyomine 

3.31 

Brazil '..■.".';''..*.*.*;'■..'.'.'; 

2.84 

Average  except  Illinois 
Average  of  all 


2.99 
2.93 


The  preceding  table  gives  a  comparative  summary  of  a  num- 
ber of  soft  coals  tested  in  1905,  both  on  the  steam  plant  and  the 
producer  plant.  The  results  are  very  interesting  and  confirm 
in  a  general  way  the  advantages  of  the  producer  plant  indicated 
by  the  earlier  tests.  In  the  earlier  tests,  as  shown  in  the  first 
table,  the  ratio  of  economy  of  the  producer  to  the  steam  plant 
was  2.49.  In  the  tests  of  1905,  the  average  ratio  for  the  Illi- 
nois coals  was  2.92,  and  for  sundry  other  coals  used,  2.99,  and 
for  the  nineteen  coals  as  shown  in  the  second  table,  the  average 
w^as  i^.c/o. 

The  following  summary  of  the  1905  tests  is  taken  from  Bul- 
letin No.  290,  United  States  Geological  Survey. 

*'The  results  of  the  majority  of  the  tests  have  been  exceed- 
ingly gratifying,  official  records  having  been  made  as  low  as 
0.95  pound  of  dry  coal  per  hour  burned  in  the  producer  per 
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electrical  horsepower  developed  at  the  switchboard,  or  0.80 
pound  of  dry  coal  per  hour  burned  in  the  producer  per  brake 
horsepower,  on  the  basis  of  an  assumed  efficiency  of  85  per  cent 
for  generator  and  belt. 

* '  Throughout  the  tests  a  constant  effort  has  been  made  to  do 
away  with  unnecessary  appliances.  This  effort  has  furnished 
valuable 'and  interesting  information  and  has  centered  atten- 
tion on  several  radical  changes  in  the  details  of  producer  gas 
plant  construction. 

'*It  was  found  at  an  early  date  that  more  or  less  sulphur 
was  passing  the  purifier  and  entering  the  engine  cylinders. 
Investigations  by  the  chemists  showed  that  purifiers  consisting 
of  oxidized  iron  filings  and  shavings  are  fairly  efficient  for  coals 
containing  little  sulphur — 1  per  cent  or  less;  but  it  was  found 
that  for  coals  containing  larger  percentages  of  sulphur  the 
purifier  became  completely  exhausted  after  about  six  or  eight 
hours.  Mixtures  of  lime  and  shavings  were  tried,  but  with 
little  success.  As  a  result  of  these  investigations,  the  purifier 
has  been  discarded,  and  the  gas,  carrying  its  full  percentage  of 
sulphur,  has  been  charged  directly  into  the  engine  cylinders. 
This  method  of  operating  has  been  going  on  for  many  months, 
and  no  ill  effects  have  been  discovered,  though  coal  has  been 
used  containing  as  high  as  8.1  per  cent  of  sulphur. 

**One  feature  of  the  plant  as  installed  was  the  economizer, 
used  for  preheating  the  air  for  the  blast.  A  series  of  experi- 
ments has  shown  no  effect  on  the  chemical  composition  of  the  gas 
or  on  the  efficiency  of  the  plant  when  air  at  ordinary  atmospheric 
temperature  was  substituted  for  preheated  air.  As  a  result  the 
economizer,  as  an  economizer,  has  been  discarded,  and  the  con- 
struction of  the  plant  again  simplified. 

* '  Other  modifications  and  changes  are  under  investigation  at 
the  present  time,  the  most  important,  from  an  economic  stand- 
point, relating  to  the  utilization  of  slack  coal  in  producers. ' ' 

In  addition  to  the  above  the  writer  presents  the  principal  re- 
sults of  a  test  of  a  hard  coal  producer  gas  engine  made  under  his 
direction,  in  the  spring  of  1906.  The  engine  was  a  three-cylinder, 
vertical,  Fairbanks  Morse  engine,  using  gas  generated  from  an- 
thracite pea  coal  in  a  suction  gas  producer,  also  manufactured  by 
the  Fairbanks  Morse  Co.    The  unit  is  rated  at  150  brake  horse- 


GAS  ENGINE  POWER  FOR  QUARRIES. 


181 


power  at  250  revolutions  per  minute,  and  was  guaranteed  to  give 
one  brake  horsepower  hour  for  not  to  exceed  one  and  one-half 
pounds  of  anthracite  pea  coal  for  all  loads  above  seventy-five 
brake  horsepower. 


Revolutions   per 
minute 

Brake  load,  horse- 
power 

Pounds  coal  (as  fired) 

per  brake  horsepower 

per  hour 

Cost  per  brake  horse- 
power hour  at  16.00 
per  ton 

250 
250 
250 

40.1 

82.7 

156.9 

1.511 
1.157 
0.999 

$0.00453 
.00347 
.00299 

Two  tests  were  also  made  on  this  engine  under  service  condi- 
tions, viz. :  belted  to  a  75  K.  W.  alternating  current  generator. 
In  addition  to  the  lighting  load,  electrically  driven  pumping 
machinery  can  be  operated  from  this  generator. 

Fig.  6  shows  the  load  curve  (A)  during  a  service  run  with 
lighting  load  only  and  the  load  curve  (B)  for  the  combined  load, 
the  usual  operating  conditions,  stand-by  losses  included. 

At  $6.00  per  ton  the  cost  of  fuel  per  K.  W.  hour  at  the  switch- 
board for  the  load  A  was  $.01207  including  fuel  for  banking  and 
starting,  and  for  the  load  B  was  $.00639  including  also  the  stand- 
by losses.  ,     , 

Soft  coal  from  Illinois  which  was  used  for  a  Corliss  engine 
unit  in  the  same  plant  cost  $3.40  per  ton. 

For  the  purpose  of  comparison  with  this  test,  we  may  consider 
the  case  of  a  simple  Corliss  engine  similar  to  that  used  in,  the 
government  teats  at  St.  Louis.  The  average  coal  consumption 
of  that  engine,  according  to  table  on  page  177,  was  5.71  pounds 
per  K.  W.  hour.  If  this  coal  cost  $3.00  per  ton  the  cost  of  the 
coal  per  K.  W.  hour  would  be  $0.0085,  which  can  be  compared 
directly  with  the  values  given  in  connection  with  the  Algona  test. 

It  is  difficult  at  this  time  to  predict  the  immediate  future  of  the 
producer  gas  engine,  but  the  writer  believes  that  this  type  of 
prime  mover  is  destined  to  be  a  formidable  rival  of  the  steam 
engine,  and  as  the  price  of  fuel  increases  the  field  for  the  pro- 
ducer gas  engine  will  enlarge.  At  present  there  is  a  question 
whether  it  will  pay  to  install  a  producer  gas  engine  where  coal 
is  cheap.    The  only  advantage  would  be  the  compliance  with  the 
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smoke  regulation,  but  as  a  financial  proposition  it  may  be  stated 
that  owing  to  the  fact  that  a  producer  gas  engine  installation 
costs  probably  from  50  per  cent  to  60  per  cent  more  than  a 
steam  engine  plant  which  would  be  its  alternate,  it  will  not  pay 
to  consider  the  installation  of  the  gas  producer  plant  with  coal 
costing  $1.25  or  less  per  ton. 


5      6      7       a      9      10     II       12      I       2      3      4 

Fig.  &— Test  of  producer  gas  engine. 

A.— Load  curve  of  Algona  producer  gas  engine,  Mar.  15-16,  *06. 

Fourteen  hour  test.    Output  400  K.  W.  hours. 

Anthracite  pea  coal  per  K.  W.  H.  =  4.10  lbs. 

Fuel  cost  per  K.  W.  H.  =  $0.0123. 

Load  factor  18  per  cent. 
B.— Load  curve  of  Algona  producer  gas  engine,  Mar.  16-17,  '06. 

Twelve  hour  test.    Output  589  K.  W.  hours. 

Anthracite  pea  coal  per  K.  W.  H.  =  2.23  lbs. 

Fuel  cost  per  K.  W.  H.  ==  $0.00699. 

Load  factor  27  per  cent. 
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The  question  of  the  mechanical  and  operative  advantages  and 
disadvantages  of  the  gas  engine  will  not  be  discussed  here  except 
to  say  that  there  is  no  reason  why  the  gas  engine  can  not  be  used 
satisfactorily  for  the  generation  of  electrical  current  for  light, 
pumping  and  power. 
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NOTES  ON  THE  GEOLOGICAL  SECTION  OF  IOWA."" 


By  SAMUEL  CALVIN. 

The  colunmar  section  is  not  drawn  to  scale.  The  approximate 
average  thickness  is  indicated  in  the  appropriate  column. 

The  Sioux  quartzite  occupies  only  a  few  acres  in  the  northwest 
comer  of  the  state,  and  in  this  locality  it  is  Cretaeeous  sediments 
which  are  found,  in  place,  abutting  against  i'..  That  it  is  pre- 
Cambrian  in  age  admits  of  no  doubt,  and  that  it  is  the  equivalent 
of  the  Baraboo  quartzite  of  Wisconsin  is  equally  certain.  The  25 
feet  exposed  in  Iowa  is  only  a  small  part  of  the  thickness  of  this 
formation. 

The  Cambrian  sandstones  are  exposed  by  the  erosion  of  the 
river  valleys  in  the  northeastern  part  of  the  state.  The  basal 
contact  with  the  older  pre-Cambrian  quartzites  is  not  seen  in 
Iowa ;  a  thickness  of  fully  700  feet  of  this  formation  lies  below 
the  level  of  the  Mississippi  Eiver  at  Lansing  and  New  Albin. 
These  sandstones  have  been  referred  to  the  Upper  Cambrian,  or 
Potsdam  series,  in  the  geologioal  reports  of  Iowa  and  Wisconsin, 
and  they  have  been  very  generally  spoken  of,  collectively,  as  The 
Potsdam  sandstone  in  discussions  on  the  geology  of  the  upper 
Mississippi  valley.  The  special  formation  name,  St.  Croix,  and 
the  names  applied  to  the  smaller  divisions,  have  been  adopted 
from  the  reports  on  the  geology  of  Minnesota. 

*  Re-printed  with  Bome  emendations,  from  The  Journal  of  Oeologvt  October- November, 
1906,  Chicago,  UllnolB. 
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The  Prairie  du  Chien  limestone. — ^Following  the  Potsdam 
sandstone  of  the  Cambrian  System  is  a  succession  of  beds, 
chiefly  dolomites,  which  was  originally  recognized  by  Owen  un- 
der the  name  of  The  Lower  Magnesian  limestone.  Owen's  name 
for  this  assemblage  of  strata  was  current  among  western  geol- 
ogists for  many  years  after  the  publication  of  his  reports,  and  in 
some  recent  publications  the  old  name  has  been  retained.  It 
has  been  shown  that  the  Lower  Magnesian  limestone  consists 
of  three  geological  units  in  its  exposures  near  the  Mississippi 
river,  a  sandstone  member,  The  New  Richmond  sandstone,  lying 
between  masses  of  dolomite.  The  lower  dolomite  has  been 
called  Oneota  limestone  by  McGee,  while  the  upper  member  was 
described  as  the  Shakopee  limestone  by  the  geologists  of  Minne- 
sota. In  the  Lancaster  folio,  recently  published  by  the  United 
States  Geological  Survey,  Owen's  Lower  Magnesian  has  been 
given  a  geographic  name,  and  is  henceforth  to  be  known  as 
The  Prairie  du  Chien  limestone.  In  the  earlier  reports  on  the 
Iowa  Geological  Survey  McGee 's  name,  Oneota  limestone,  was 
extended  so  as  to  make  it  the  full  equivalent  of  Owen's  Lower 
Magnesian.  Bestrictlng  the  use  of  the  term  Oneota  to  the  geo- 
logical unit  to  w'hich  it  was  originally  applied,  and  substituting 
Prairie  du  Chien  for  the  original  non-geographic  term  applied 
by  Owen,  the  reason  for  the  arrangement  adopted  in  the  colum- 
nar section  will  be  apparent. 

The  St.  Peter  sandstone  needs  little  comment  further  than  to 
say  that  McQ^ee,  in  his  Pleistocene  History  of  Northeastern  Iowa, 
extended  the  application  of  the  term  downward  so  as  to  make  it 
include  the  Shakopee  and  New  Bichmond  of  what  is  now  termed 
The  Prairie  du  Chien  stage.  It  was  assumed  that  the  two  sand- 
stones are  related,  and  the  intervening  Shakopee  limestone  is 
only  an  incident.  Apart  from  the  faot  that  they  are  made  of 
quartz  grains,  the  two  sandstones  have  nothing  in  common.  The 
New  Eichmond  lies  in  thin  beds ;  the  surface  of  the  beds  is  often 
ripple-marked;  the  individual  grains,  in  the  most  perfect  way 
imaginable,  show  secondary  enlargement;  some  parts  of  the 
formation  have  been  converted  into  a  fair  quality  of  quartzite. 
None  of  these  things  characterize  the  St.  Peter. 

The  PlatteviUe  and  Odlena  limestones. — The  confusion  which 
has  arisen  in  connection  with  the  use  of  the  terms  '* Trenton"  and 
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^'Qalena"  as  applied  to  certain  Ordovician  limestone  "^  of  the 
mid-western  states,  and  the  probable  canses  of  such  cjnfusion, 
are  discussed  in  the  *' Geology  of  Dnbnque  Connty,*'  in  Volume 
X  of  the  Iowa  Geological  Reports.  The  assemblage  of  strata 
covered  by  the  two  names  conjoined  is  divided  by  a  persistent 
band  of  shale  and  shaly  limestone  carrying  Orthis  subaequata 
and  0.  tricenaria  of  Conrad  as  characteristic  fossils.  This  band 
has  been  called  the  ''Green  Shales"  in  some  Minnesota  and  Iowa 
reports.  All  the  beds  above  the  *' Green  Shales"  are  dolomitic 
at  Dubuque,  and,  so  far  as  concerns  this  locality,  they  have  been 
consistently  known  as  the  Galena  limestone  ever  since  the  pub- 
lication of  the  report  on  the  Geology  of  Iowa  by  James  Hall  in 
1858.  In  localities  where  these  beds  are  unaltered  limestones, 
they  have  usually  been  spoken  of  as  Trenton.  Lithology,  and  not 
stra.tigraphy,  was  the  basi's  of  the  classifioatioiL  It  is  now  pro- 
posed to  use  the  term  ''Galena"  for  all  the  strata  above  the 
"Green  Shales,"  whether  they  are  dolomitic,  as  at  Dubuque,  or 
are  non-dolomitic,  as  along  the  river  at  and  above  Decorah. 
Bain's  name,  "Platteville,"  is  acceptable  for  the  beds  below  the 
top  of  the  "Green  Shales." 

The  Maquoketa  shales  were  so  named  by  White  in  his  report 
on  the  Geology  of  Iowa,  published  in  1870.  The  beds  are,  in 
part  only,  the  equivalent  of  the  Cincinnati  shales  of  Meek  and 
Worthen,  of  the  Richmond  shales  of  some  recent  authors,  of 
the  Hudson  Biver  shales  of  the  New  York  geologists. 

The  Niagara  limestone. — ^Lithologically,  the  Niagara  series  of 
Iowa  is  wholly  unlike  that  of  New  York.  There  are  no  sand- 
stones, no  shales,  practically  no  unaltered  limestones.  In  the 
mid-west  the  Silurian  is  represented  by  a  great  body  of  dolomite 
in  which  there  is  more  or  less  commingling  of  the  Clinton  and 
Niagara  faunas  of  the  region  farther  east.  In  some  cases  a 
number  of  life  zones  may  be  recognized.  Syringopora  teneUa 
characterizes  one  of  these ;  Pentamerus  ohlongus,  another ;  an- 
other has  Garyocrinus,  Eucalyptocrintts,  and  related  forms  as 
diagnostic  types ;  and  others,  like  that  carrying  Dinoholus  con- 
radi,  are  marked  by  still  different  species.  But  these  zones  are 
not  well  set  off  one  from  the  other,  and  in  many  localities  there 
is  more  or  less  of  intermingling  of  forms  from  adjacent  zones. 
The  lower  part  of  the  Niagara  limestone,  including  the  zones 
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between  the  base  of  fhe  formation  and  the  top  of  the  Pentam- 
eras-bearing  beds,  is  quite  distinct  from  the  npper  portion  which 
includes  what  have  been  called  the  Le  Claire  and  the  Anamosa 
limestones.  In  the  earlier  volumes  of  the  current  series  of  Iowa 
Reports  the  lower  phase  was  designated  the  Delaware  stage, 
and  the  upper  has  been  called  by  Norton  the  Gower  stage.  The 
term  *' Delaware,'*  however,  as  the  name  of  a  geological  unit, 
was  used  by  Orton  for  a  phase  of  the  Ohio  Devonian  as  early  as 
1878,  and  it  is  proposed*  to  use  **Hopkinton'*  in  place  of  the  pre- 
occupied term  ** Delaware*'  for  the  lower  phase  of  the  western 
Niagara.  All  the  characteristics  of  this  stage  are  well  dis- 
played in  the  quarries  and  ravines  within  a  radius  of  two  or 
three  miles  around  Hopkinton  in  Delaware  county,  Iowa. 

The  Devonian  system. — The  Devonian  is  represented  in  Iowa 
by  an  assemblage  of  sediments  carrying  characteristic  Devonian 
faunas.  It  is  not  possible,  however,  definitely  to  correlate  any 
part  of  the  western  Devonian  with  any  part  of  the  sediments 
referred  to  the  same  system  in  New  York.  There  is  certainly 
nothing  west  of  the  Mississippi  which  can  be  said  to  represent 
the  Helderberg  or  Oriskany  of  the  East,  and  the  New  York 
Corniferous,  or  Onondaga,  is  but  doubtfully  indicated  by  a  few 
species.  The  f aunal  relations  of  our  Devonian,  bo  far  as  it  is 
possible  to  recognize  such  relations,  are  with  the  divisions  gen- 
erally known  as  Hamilton  and  Chemung.  The  conditions  of 
sedimentation  were  different  in  the  two  areas,  mechanical  sedi- 
ments and  turbid  waters  prevailing  in  one,  clear  seas  and  or- 
ganic deposits  characterizing  the  other;  geographically  the 
basins  were  separate;  a  very  large  proportion  of  the  species 
are  quite  distinct  and  are  useless  for  purposes  of  correlation. 
Of  the  species  which  are  common  the  order  in  which  they  arrived 
in  the  respective  basins  is  not  the  same,  some  of  the  upper 
Devonian  forms  of  New  York  appearing  early  in  Iowa,  while 
some  of  the  earlier  ones  came  late.  In  a  general  way,  therefore, 
but  not  in  any  way  definite  or  specific,  the  Middle  and  Upper 
Devonian  may  be  recognized ;  but  not  even  in  the  most  general 
way  can  we  point  to  anything  corresponding  to  the  Lower 
Devonian  of  the  New  York  section.  Indeed,  the  remarkable 
lung  fish,  Dipterus,  which  elsewhere  is  found  only  in  the  Upper 

*  See  report  on  the  Geology  of  Winneshiek  county,  vol.  XVI,  page  00. 
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Devoniaiiy  occurs  in  Iowa  in  formations  which  have  been  tenta- 
tively referred  to  the  Middle  Devonian,  as  well  as  in  formations 
which  have  been  correlated  with  the  upper  division  of  this  sys- 
tem. The  system  has  been  divided  in  Iowa  on  the  basis  of  an 
apparent  unconformity;  faunally  the  two  divisions  are  not  very 
distinct.  The  intimate  faunal  relations  between  the  Independ- 
ence shales,  near  the  base  of  our  Devonian,  and  the  Lime  Creek 
shales,  above  the  unconformity  near  the  top,  are  noted  in  the 
reports  on  Cerro  Qordo  and  Buchanan  counties.  The  three  units 
referred  to  the  Upper  Devonian — the  Sweetland  Creek  shales, 
Lime  Creek  shales,  and  State  Quarry  limestone — do  not  lie  one 
above  the  other,  but  each  is  locally  developed  and  appears  to 
lie  unconformably  on  the  Cedar  Valley  limestones. 

In  Cedar,  Linn,  and  Scott  counties  the  Devonian  follows  the 
Silurian  conformably,  but  in  the  northern  counties,  liov^ard, 
Winneshiek,  and  Fayette,  there  is  a  record  of  subsidence  due 
to  crustal  warping  after  the  Devonian  was  fairly  well  advanced, 
and  the  rocks  of  this  later  system  overlap  the  whole  Niagara, 
and,  in  the  counties  named,  their  eastern  edge  rests  on  deeply 
eroded  Maquoketa. 

The  Lower  Carboniferous,  Mississippian. — ^It  is  possible,  in- 
deed probable,  that  there  is  an  unconformity  between  the  De- 
vonian and  Lower  Carboniferous,  but  it  has  not  been  positively 
demonstrated.  The  actual  contact  of  Devonian  and  Kinderhook 
has  not  been  observed.  The  faunal  break  is  not  exceptionally 
great.  The  stromatopores,  f  avosites,  and  most  of  the  other  cor- 
als characteristic  of  the  Devonian  do  not  appear  in  the  Kinder- 
hook,  and  the  same  is  true  of  the  Stropheodontas,  Strophonellas, 
and  Atrypas ;  but  the  Orthothetes,  Bhipidomellas,  Spirif ers,  and 
Cyrtinas  have  pronounced  Devonian  relationships.  Productella 
pyxidata  and  Ptyctodus  calceolus,  collected  in  the  Kinderhook 
of  Missouri,  furnish  other  points  of  affinity  between  the  Kinder- 
hook and  Devonian  faunas.  On  the  other  hand,  leaving  out 
Productella,  the  Productidse  of  the  Kinderhook  are  decidedly 
Carboniferous,  and  the  fish  fauna  in  general  points  unmistak- 
ably in  the  same  direction.  The  Burlington  limestone  and  the 
Keokuk  limestone  of  the  earlier  geologists  of  Iowa  and  Illinois 
have  been  united  under  the  term  ** Osage'*  or  ** Augusta.*'  While 
the  two  alternative  names  are  not  quite  synonymous,  it  is  prob- 
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able  that  geologists  will  unite  on  the  term  ''Osage"  for  the  as- 
semblage of  limestones,  cherts,  and  shales  under  consideration. 
So  far  as  concerns  Iowa,  the  St.  Louis  limestone  brings  the  Mis- 
sissippian  to  a  close,  and  this  formation  remains  as  originally 
defined,  the  line  between  the  Osage  and  the  St.  Louis  being 
drawn  at  the  pronounced  unconformity  at  the  top  of  the  Warsaw 
beds.  When  the  later  Mississippian,  the  Kaskaskia  or  Chester, 
was  deposited,  the  shore  lines,  so  far  as  now  known,  lay  outside 
the  limits  of  our  state.  That  the  greater  part  of  the  Mississip- 
pian was  characterized  by  comparatively  arid  climate  is  sup- 
ported by  many  lines  of  evidence.         » 

The  Pennsylvanian  series  includes  the  productive  Coal-Meas- 
ures  and  presents  the  usual  characteristics,  biologic  and  lith- 
ologic,  of  equivalent  deposits  in  other  parts  of  the  world.  One 
of  the  most  pronounced  unconformities  in  the  Mississippi  valley 
occurs  between  the  Upper  Carboniferous  and  the  older  forma- 
tions. When  the  Pennsylvanian  series  began,  the  shore-line  was 
probably  as  far  south  as  Arkansas.  There  are  indications  that, 
at  that  time,  Iowa  stood  higher  with  respect  to  tide  level  than 
it  does  at  present,  and  deep  erosion  trenches  were  cut  in  the 
Silurian,  Devonian,  and  Lower  Carboniferous  formations.  When 
subsidence  allowed  the  sea  to  return,  it  advanced  upon  a  scarred 
and  eroded  surface,  depositing  shales  and  sandstones  of  the 
Des  Moines  stage  in  old  drainage  channels,  and  over  the  surface 
generally,  as  far  to  the  northeast  as  Delaware  and  Jackson 
counties.  In  the  counties  last  named  remnants  of  Coal-Measure 
strata  are  found  in  troughs  cut  in  Silurian,  even  in  Ordovician, 
beds,  €md  similar  remnants  occur  in  old  river  channels  cut 
in  the  Devonian  limestones  of  Muscatine,  Linn,  and  Johnson 
counties.  The  extreme  advance  of  the  coal-measure  sea  was  of 
comparatively  short  duration.  For  the  greater  part  of  the  Des 
Moines  stage,  so  far  as  it  is  represented  in  Iowa,  the  shore-line 
oscillated  back  and  forth  over  the  area  now  occupied  by  the 
valleys  of  the  Des  Moines  and  the  Skunk  rivers.  Within  this 
area  there  are  records  of  numerous  slight  movements  of  eleva- 
tion and  subsidence. 

The  sediments  referred  to  the  Missouri  stage  follow  those  of 
the  Des  Moines  without  break.  The  crustal  oscillations  seem 
to  have  been  less  numerous ;  the  waters  were  clearer ;  the  climate 
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was  less  humid ;  arenaceous  deposits  are  scarce ;  limestones  and 
shales  make  up  the  bulk  of  the  sediments  of  this  stage ;  progress 
was  made  toward  the  more  arid  conditions  of  the  Permian. 

The  Permian.— The  gypsum  beds  in  Webster  county,  together 
with  the  associated  red  shales  and  sandstones,  have  been  re- 
ferred by  Professor  Wilder  to  the  Permian  system.  By  some 
writers  they  have  been  referred  to  the  Triassic,  by  some  to  the 
Cretaceous.  These  beds  contain  no  fossils,  and  their  strati- 
graphic  relations  are  such  as  to  lend  no  aid  in  determining  their 
exact  position  in  the  geological  column.  They  lie  unconform- 
ably  on  deposits  of  the  Des  Moines  stage;  in  some  places  they 
rest  on  St.  Louis  limestone,  for  erosion  had  cut  through  the 
whole  thickness  of  the  Des  Moines  sediments  before  conditions 
favoring  the  deposition  of  gypsum  began. 

The  Cretaceous  system. — The  Dakota  and  Colorado  stages  of 
the  Upper  Cretaceous  are  represented  in  northwestern  Iowa  by 
a  series  of  sandstones,  shales,  and  chalky  limestones.  In  his 
report  on  the  Geology  of  Iowa,  published  in  1870,  White  divides 
the  Iowa  Cretaceous  into  the  * ' Nishnabotany  sandstone,*'  the 
** Woodbury  sandstones  and  shales,"  and  the  *'Inoceramus 
beds.''  The  sandstones  along  the  Nishnabotna  river,  as  well 
as  those  at  Sergeants  Bluff  and  Sioux  City  in  Woodbury  county, 
together  with  some  interbedded  shales,  are  referable  to  the  Da- 
kota stage;  while  the  main  body  of  shale  and  the  calcareous 
Inoceramus  beds  represent  the  Fort  Benton  division  of  the 
Colorado.  It  is  not  certain  that  there  is  any  true  Niobrara  in 
Iowa.  During  the  long  interval  between  the  Upper  Carbon- 
iferous and  the  Upper  Cretaceous  the  surface  of  Iowa  was 
deeply  eroded,  and  it  was  on  such  a  surface  that  the  Cretaceous 
sediments  of  the  state  were  unconformably  deposited.  Since 
the  Cretaceous,  these  bcdiments,  which  were  comparatively  thin 
at  the  most  and  imperfectly  consolidated,  have  been  extensively 
removed  by  erosion,  and  now  occur  in  more  or  less  isolated 
patches.  On  the  geological  map  of  Iowa  the  Cretaceous  is  in- 
dicated over  the  entire  area  upon  which  it  was  originally 
spread,  the  thick  mantle  of  drift  covering  that  part  of  Iowa 
making  it  now  impossible  to  outline  the  individual  remnants. 
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The  Pleistocene  deposits. — ^lowa  was  exceptionally  fortnnate 
in  its  location  with  reference  to  the  movements  and  marginal 
limits  of  the  successive  ice-invasions  of  the  Glacial  epoch.  The 
state,  therefore,  oflFers  unusual  facilities  for  the  study  of  the 
relative  age  and  differential  characters  of  the  several  sheets 
of  drift  which  make  up  the  great  body  of  mantle  rock  within 
the  limits  of  the  glaciated  area.  The  succession  of  the  glacial 
and  interglacial  stages  which  have  been  recognized  by  members 
of  the  national  and  state  surveys  is  indicated  in  the  columnar 
section,  and  the  subject  will  be  found  discussed  in  the  national 
and  state  reports. 
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The  Proterozoic. 

The  Proterozoic  is  represented  by  the  Sioux  Quartzite,  which, 
while  known  to  underlie  a  considerable  area  in  the  northwest 
comer  of  the  state,  exhibits  outcrops  over  a  very  limited  terri- 
tory in  the  extreme  northwest  corner  of  Lyon  county.  Small 
openings  have  been  made  and  small  quantities  of  the  indurated 
sandstones  have  been  removed  from  time  to  time.  While  Iowa 
is  capable  of  producing  much  larger  quantities,  owing  to  lack 
of  transportation  facilities  the  trade  is  supplied  from  the  quar- 
ries at  Sioux  Falls,  South  Dakota,  and  the  Pipestone  district 
in  Minnesota. 

The  stone  varies  from  a  light  pink  to  a  deep  purple  in  color, 
with  shades  of  red  prevailing.  It  also  varies  greatly  in  state 
of  induration,  texture  and  structure.  As  a  rule  it  is  typically 
quartzitic,  presenting  the  characteristic  porcelain-like  fracture 
on  freshly  broken  surfaces.  Occasionally  it  is  poorly  cemented 
and  may  be  crumbled  between  the  thumb  and  fingers.  In  texture 
it  presents  normally  a  fine  even  grain,  although  conglomeratic 
facies  on  the  one  hand  and  slaty  on  the  other  are  known.  In 
general  the  quartzite  occurs  in  fairly  heavy  to  massive  beds, 
in  approximately  horizontal  position  or  dipping  at  a  low  angle. 
In  places  the  beds  thin  greatly,  lack  constancy  and  even  show 
false  bedding. 

The  normal  quartzite  affords  the  most  durable  structural 
material  native  to  Iowa,  and  is  especially  well  adapted  for 
heavy  masonry  and  street  paving  and  all  purposes  where 
strength  and  durability  are  required.    It  is  also  well  adapted 
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for  use  in  fronts  and  trimmings  of  buildings.  It  takes  and  holds 
a  high  polish  and  is  desirable  for  decorative  purposes.  On  ac- 
count of  its  great  hardness  it  is  expensive  to  dress  and  because 
of  this  fact  will  never  be  used  extensively  save  for  the  most 
costly  and  permanent  structures. 

The  Cambrian. 

POTSDAM  SERIES. 

THE  SAINT  CROIX  SANDSTONE. 

Only  the  uppermost  division  of  the  Cambrian  is  known  to 
occur  in  Iowa.  The  principal  outcrops  are  confined  to  the  Mis- 
sissippi river  and  its  immediate  tributaries  in  Allamakee  and 
Clayton  counties  and  are  referred  to  the  Saint  Croix  stage, 
supposed  to  be  the  equivalent  of  the  Potsdam  of  New  York. 

The  Saint  Croix  comprises  three  rather  easily  separable  mem- 
bers, the  Dresbach  sandstone,  the  Saint  Lawrence  limestone  and 
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shales  and  the  Jordan  sandstone,  named  in  ascending  order. 
As  a  rnle  all  of  the  beds  comprising  the  series  are  wholly  nnin- 
durated  or  are  but  poorly  indurated  and  as  a  consequence  are 
of  but  small  importance  as  a  source  of  quarry  products.  Cer- 
tain layers  immediately  below  the  Saint  Lawrence  shales  are 
slightly  indurated  and  have  been  used  to  some  extent  for  struct- 
ural purposes. 

As  far  as  known  such  use  has  been  confined  to  Allamakee 
county.  The  chief  openings  were  made  along  the  Mississippi 
and  immediate  tributaries  from  New  Albin  to  Lansing  and  from 
a  horizon  varying  from  one  hundred  to  one  hundred  and  fifty 
feet  above  the  river. 

The  sandstone  carries  a  calcareous  cement,  lacks  durability 
and  is  not  readily  accessible  and  deserves  mention  only  as  hav- 
ing been  used  to  a  very  limited  extent  as  a  structural  material. 

The  Ordovician. 

The  Ordovician  system  of  rocks  comprises  two  series,  a  lower, 
the  Canadian,  and  an  upper,  the  Trenton.  The  former  may  be 
readily  subdivided  into  two  stages,  one  which  is  prevailingly  a 
massive  dolomite  and  known  in  the  later  publications  of  the 
U.  S.  Geological  Survey  as  the  Prairie  du  Chien  limestone,* 
and  the  other,  a  well-marked  sandstone  horizon,  the  Saint  Peter. 

The  Prairie  du  Chien  limestone  comprises  a  lower  massive 
dolomite  which  the  present  Survey  has  designated  the  Oneota 
limestone,  a  medial  sandstone,  the  New  Richmond,  and  an  upper 
dolomite,  the  Shakopee  limestone.  Near  the  base  of  the  Oneota 
limestone,  above  about  ten  to  fifteen  feet  of  arenaceous  lime- 
stone, there  are  thirty  to  forty  feet  of  evenly  bedded  dolomite, 
excellently  adapted  for  the  various  grades  of  dimension  stone 
and  the  really  only  important  quarry  horizon  in  the  Prairie  du 
Chien  limestone. 

The  beds  representing  the  Saint  Peter  sandstone  are  usually 
not  sufficiently  indurated  to  merit  consideration  as  a  building 
stone.  Occasional  beds  are  indurated  locally  and  have  been 
developed  to  a  very  limited  extent. 

*  In  the  reports  on  Winneshiek  and  Cla3rton  counties,  volume  XVI  of  these  reports,  this 
stage  is  called  the  Lower  MaRneMlan,  but  this  term  is  now  superseded  by  the  one  here  used 
In  accordance  with  a  recent  decision  of  the  Board  on  Geologic  Names  of  the  U.  S.  Geological 
Survey.    See  Lancaster-Mineral  Point  Folio,  page  3 
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The  Trenton  series  comprise  the  Platteville,  Galena  and  Ma- 
quoketa  stages,  according  to  the  present  terminology  adopted 
by  the  Survey.  All  of  the  members  have  furnished  some 
structural  material,  although  quarrying  operations  have  been 
limited  to  the  Platteville  and  to  the  dolomitized  portion  of  the 
Galena.  The  most  important  horizon,  known  as  the  *' Lower 
Buff  Beds,*'  attaining  a  thickness  of  more  than  twenty  feet,  oc- 
curs near  the  base  of  the  Platteville  and  is  separated  by  a  few 
feet  of  shale  from  the  Saint  Peter  sandstone. 

The  upper  Platteville,  while  usually  thinly  bedded  and  often 
decidedly  argillaceous,  is  quarried  to  some  extent.  The  Galena 
limestone,  as  it  occurs  in  Dubuque  county,  affords  stone  suitable 
for  massive  masonry  and  has  been  so  utilized  to  a  limited  ex- 
tent. To  the  northward  it  becomes  less  magnesian  to  non-mag- 
nesian  and  is  practically  worthless  for  structural  purposes.  The 
Galena  is  separated  from  the  Platteville  by  a  calcareous  shale, 
the  "Decorah  Shale*'  of  Professor  Calvin,  the  ** Green  Shales'' 
of  the  Minnesota  geologists,  which  is  worthless  save  as  a  pos- 
sible source  of  material  for  cement  manufacture. 

The  uppermost  member,  the  Maquoketa,  is  of  small  impor- 
tance as  a  source  of  quarry  products.  The  Middle  Maquoketa 
cherts  may  prove  to  be  serviceable  road '  material,  while  the 
calcareous  to  dolomitic  layers  in  the  Lower  and  Upper  Ma- 
quoketa have  been  quarried  locally.  The  shales  of  the  Lower 
Maquoketa  afford  material  suitable  for  the  manufacture  of  Port- 
land cement. 

It  is  probably  true  that  no  other  rock  system"  is  potentially 
richer  in  quarry  products  than  the  Ordovician.  This  wealth  of 
material  has  been  but  little  developed  in  Iowa.  The  lack  of 
development  is  due  to  several  causes.  In  the  first  place,  first 
class  material  constitutes  only  a  small  proportion  of  the  entire 
assemblage  of  beds.  As  yet  the  demand  for  the  waste  which 
could  be  utilized  as  crushed  stone  is  small.  In  the  second  place 
the  counties  in  which  the  Ordovician  beds  occur  are  poorly  sup- 
plied with  transportation  facilities,  away  from  the  immediate 
vicinity  of  the  Mississippi  river.  Third  and  last  of  the  im- 
portant factors,  is  the  introduction  of  cheap  substitutes  for 
building  stone.  Stone  of  usable  quality  can  be  obtained  in 
every  township,  oftentimes  on  every  farm  over  considerable 
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portions  of  the  Ordovician  area.    As  a  consequence,  the  ontlook 
is  not  encouraging  for  the  immediate  future. 

ALLAMAKEE  COUNTY. 

The  Ordovician  covers  the  entire  county  with  the  exception 
of  narrow  belts  along  the  Mississippi  and  Oneota  rivers  and 
their  immediate  tributaries,  where  the  beds  have  been  removed 
through  erosive  agencies  and  the  Saint  Croix  sandstone  exposed. 
Good  quarry  stone  occurs  at  several  levels,  notably  near  the 
base  of  the  Oneota  and  of  the  Platteville  limestone  formations. 
Above  the  ten  or  fifteen  feet  of  arenaceous  limestone  or  cal- 
careous sandstone  at  the  base  of  the  Oneota  there  are  thirty 
or  forty  feet  of  evenly  bedded,  fine-grained,  buff,  dolomitic  lime- 
stone in  layers  varying  from  a  few  inches  to  three  feet  in 
thickness  and  in  blocks  oftentimes  many  feet  in  width  and 
length.  In  the  eastern  portions  of  the  county  in  the  vicinity  of 
New  Albin,  Lansing  and  Harpers  Ferry  the  beds  have  been 
worked  to  some  extent  but  are  not  of  especially  good  quality. 
In  the  northwestern  portion  of  the  county,  the  same  beds  afford 
material  of  superior  quality  for  the  various  grades  of  masonry, 
although  on  account  of  the  absence  of  suitable  facilities  for 
transporting  the  product,  they  have  been  but  little  developed. 
Great  blocks  detached  from  the  parent  ledges  through  the  under- 
mining of  the  friable  sandstones  below,  retain  their  angularity 
and  otherwise  demonstrate  their  durability  though  they  have 
been  exposed  for  hundreds  of  years.  At  the  present  time  only 
sufficient  quarrying  has  been  done  to  demonstrate  the  wonderful 
possibilities  of  this  horizon  as  a  source  of  wealth  which  may 
in  time  be  utilized. 

Above  these  beds  in  the  basal  portion  of  the  Oneota  there 
are  occasional  beds  suitable  for  structural  purposes  but  as  a 
rule  the  stone  is  massive,  with  only  occasional  irregular  bedding 
planes,  which  renders  quarrying  difficult.  Besides,  the  beds  are 
rather  coarse  textured,  vesicular,  and  oftentimes  arenaceous 
or  cherty.  The  upper  Prairie  du  Chien  beds  generally  show 
layers  of  sandstone  and  shale  interstratified  with  the  dolomitic 
beds,  and  possess  little  to  commend  them  for  quarry  purposes. 

As  a  rule  the  Saint  Peter  sandstone  is  not  sufficiently  indu- 
rated to  deserve  notice  as  a  quarry  stone.    There  are  a  few  small 
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patches  which  fire  exceptions  to  ihe  general  role,  the  stone 
being  sufficiently  cemented  to  be  used  for  rough  masonry.  It 
has  been  so  used  to  a  limited  extent.  Such  outcrops  may  be 
viewed  three  mUes  east  of  Waokon  in  the  south  half  of  section 
27  in  Makee  township  and  in  the  southwest  quarter  of  section  14, 
Franklin  township,  near  Smithfield.  At  the  latter  place  the 
sandstone  carries  a  siliceous  cement  and  forms  cliffs  thirty  or 
forty  feet  in  height  and  in  <some  cases  breaks  into  massive  an- 
gular blocks  showing  marked  ability  to  resist  the  agencies  of 
disintegration. 

The  second  important  qnarry  horizon  in  the  Ordovician  in 
the  county  comes  in  the  lower  Platteville  and  is  the  equivalent 
of  the  "Lower  Buff  Beds"  of  the  Wisconsin  geologists.  These 
beds  are  separated  from  the  Saint  Peter  'sandstone  by  five  or 
six  feet  of  greenish  or  bluish  shale  and  comprise  a  heavy  bedded 
dolomitic  limestone  aggregating  twenty  to  twenty-five  feet  in 
thickness  and  composed  of  layers  varying  from  six  inches  to 
three  feet  or  more  in  thickness.  The  stone  is  hard  and  compact 
and  yeUow  to  buff  in  color  and  is  capable  of  furnishing  blocks 
of  almost  any  desired  dimensions.  These  beds  are  availahls  at 
numerous  points  in  the  county,  notably  in  the  valley  of  Paint 
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creek  in  Paint  Creek  township,  and  in  Franklin  township,  but 
they  have  been  but  little  developed. 

The  Platteville,  above  the  Lower  Buff  Beds  is  very  variable 
lithologically.  There  is  a  continual  alternation  of  shales  and 
limestones,  the  limestones  predominating.  The  limestone  in 
general  is  dull  colored,  shades  of  blue  prevailing  and  is  often 
argillaceous.  It  is  generally  fine-grained,  compact,  and  occurs 
in  thin  beds  rarely  exceeding  six  inches  in  thickness.  It  breaks 
with  a  conchoidal  fracture  and  does  not  tool  easily.  Beds  which 
appear  to  be  firm  when  first  quarried,  slake  readily  when  exposed 
to  the  weather.  The  upper  beds  have  been  quarried  to  a  limited 
extent  near  Waukon  along  Village  creek.  The  stone  is  a  blue 
to  slaty  colored  limestone,  but  weathers  to  various  shades  of 
yellow  and  buff ;  is  hard  and  fine-grained  and  occurs  in  layers  of 
from  three  to  six  inches  in  thickness.  The  layers  are  variable 
in  composition  and  state  of  induration  and,  as  a  consequence,  in 
weather  resisting  qualities,  and  they  must  be  selected  with 
considerable  caution  when  used  in  permanent  structures.  Sim- 
ilar sections  may  be  viewed  north  of  Postville,  where  some 
quarrying  has  also  been  done. 

The  upper  quarry  beds  north  of  Waukon  are  overlain  by  an 
important  deposit  of  calcareous  shale  aggregating  twenty  to 
thirty  feet. 

The  Galena  as  developed  in  Allamakee  county  affords  nothing 
of  importance  in  the  way  of  quarry  products. 

CLAYTON  COUNTY. 

All  of  the  major  divisions  of  the  Ordovician  are  well  devel- 
oped in  Clayton  county  and  all  supply  products  of  economic  im- 
portance. The  principal  quarry  horizons  are  confined  to  the 
Prairie  du  Chien  and  Galena-Platteville.  The  outcrops  of  the 
Prairie  du  Chien  formation  are  confined  to  the  Mississippi  river 
and  its  immediate  tributaries  in  Mendon  and  Clayton  townships, 
disappearing  under  the  river  a  short  distance  north  of  Gutten- 
berg.  For  the  most  part  the  Oneota  division  is  composed  of  a 
coarse,  vesicular  dolomite,  varying  from  light  gray  to  buff  in 
color  and  showing  but  few  bedding  planes.  The  lower  thirty  or 
forty  feet  is  in  ledges  varying  from  two  to  four  feet  in  thickness 
and  has  been  quarried  at  several  points  near  McGregor  and 
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North  McGregor.  The  beds  near  the  top  are  sometimes  eherty 
and  some  of  the  beds  oariT'  an  abimdaDce  of  calcite  in  the  cav- 
erns: Above  the  quarry  ledges  the  dolomite  is  more  massive, 
coarser  in  texture  and  shows  a  decidedly  pitted  surface  when 
weathered.  As  a  general  rule  the  upper  fifty  feet  of  the  Prairie 
da  Chien  contains  thin  bedded  sandy  or  shaly  layers  aggregat- 
ing about  fifteen  feet,  which  are  overlain  by  brecciated  and  con- 
cretionary beds,  the  Shakopee,  aggregating  a  thickness  of  about 
forty  feet.  While  the  Prairie  du  Chien  attains  a  thickness  of 
more  than  two  hundred  feet  in  the  county,  only  the  lower  beds 
already  described  have  been  quarried,  and  even  these  only  in 
a  small  way. 

The  Galena-Platteville  supplies  two  well  known  quarry 
horizons  which  correspond  in  a  general  way  to  the  "Lower" 
and  "Upper"  quarry  beds  of  Dubuque  and  other  counties.  The 
lower  horizon  is  sometimes  known  as  the  "Lower  Buflf  Beds" 
and  consists  of  a  fine-grained  ioagnesian  limestone  which  occurs 
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in  layers  rangmg  from  eight  inches  to  three  or  even  four  feet 
in  thickness.  It  is  blue  on  fresh  faces  but  upon  exposuie  weath- 
ers to  a  buff  color.  It  breaks  readily  along  bedding  planes  into 
slabs  of  almost  any  thickness  and  is  cut  by  suflScient  vertical  joint 
planes  to  facilitate  quarrying.  These  lower  beds  are  being 
developed  near  McGregor  and  Guttenberg  and  are  easily  avail- 
able at  numerous  other  points.  They  comprise  a  thickness  of 
from  fifteen  to  twenty  feet.  The  lower  quarry  beds  are  over- 
lain by  thin  bedded,  very  fine-grained  and  compact  limestone 
somewhat  unevenly  bedded  and  light  blue-gray  in  color.  In 
places  these  beds  are  decidedly  marly  in  character.  They  at- 
tain a  thickness  of  twenty-five  to  thirty-five  feet.  These  thin 
beds  are  overlain  by  the  '* Green  Shales^'  of  the  Minnesota 
geologists.  The  second  important  quarry  horizon  is  near  the 
top  of  the  Galena-Platteville  and  develops  the  dolomitic  beds 
of  the  Galena.  Numerous  quarries  have  been  opened  in  these 
beds,  including  those  in  the  vicinity  of  Monona,  Elkader,  Garna- 
villo,  St.  Olaf,  Farmersburg,  in  Cox  Creek  township,  the  lime 
kilns  at  Guttenberg  and  numerous  other  points.  The  upper 
Galena  comprises  a  heavy  bedded,  sub-crystalline  dolomite, 
rather  coarsely  granular,  more  or  less  vesicular  and  buff  ia 
color.  It  weathers  very  irregularly  and  presents  a  rough  pitted 
surface  when  long  exposed.  The  beds  vary  in  thickness  from 
a  few  inches  to  five  feet  or  more.  The  heavy  beds  often  grade 
downward  into  a  less  heavily  bedded  mottled  zone  which  is  only 
slightly  dolomitic.  A  few  representative  sections  of  the  Galena- 
Platteville  are  given  herewith : 

CLAYTON   SECTION. 

FBBT. 

11.    Dolomite,  heavy  bedded  (Galena) 150 

10.    Shale,  green,  at  the  top  of  the  Platteville 2-3 

9.     Limestone,  similar  to  No.  7 8 

8.    Shale,  bluish-green 2 

7.  Limestone,  in  regular  beds  four  to  eight  inches  thick, 
very  fine-grained  and  compact,  blue  and  buff  in  color. 

Occurs  in  thicker  layers  than  No.  5 15 

6.  Shales,  green,  calcareous,  containing  lenses  and  bands 
of  limestones  rich  in  fossilp.  Among  the  most  com- 
mon are  Orthis  subayuatu  and  branching  monticulip- 
oroids 5 
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5.  Limestone,  thiii-bedded  and  compact,  with  marly  layers 
one  to  two  inches  thick  separating  many  of  the  beds. 
Latter  are  irregular  in  thickness  and  range  from  one 
to  three  inches.  The  marly  partings  do  not  always 
appear  on  fresh  joint  faces  but  stand  out  on  weathered 
surfaces 25 

4.  Limestone,  dolomitic,  compact,   blue   when    fresh    but 

weathering  to  buff  on  exposure;  in  even  beds  eight 
inches  to  two  feet  thick,  contains  few  or  no  fossils. 
The  quarry  beds  at  Guttenberg  and  McGregor  and 
the  **  Lower  Buff  Beds*'  of  some  writers 25 

3.  Shale,  green,  immediately  overlying  the  St.  Peter  sand- 

stone          2 

2.  Sandstone  (St.  Peter) 85 

1.  Limestone,  Prairie  du  Chien,  to  low  water  in  Mississippi      90 

GUTTENBERG  SECTION. 

FBBT. 

5.  Limestone,  dolomitic,  in  heavy  ledges,  vesicular,  coarse, 

buff  colored,  the  tsrpical  Galena  d(»loniite 100 

4.  Limestone,  magnesian,  in  beds  two  and  three  inches  to 

one  foot  thick,  mottled  gray  and  buff,  only  partially 
dolomitized  and  containing  sixteen  per  cent  of  mag- 
nesium carbonate;  part  of  the  rock  is  very  fine-grained, 
compact  and  gray  colored,  while  other  portions  are 
buff  and  have  a  rough,  coarser  feel.  Contains  some 
chert  in  bands  and  scattered  nodules.  In  these  beds 
are  located  the  quarries  supplying  rock  for  tne  lime 
kilns  at  the  base  of  the  bluff 60 

3.  Limestone,  gray,  non-magnesian,  fine-grained,  compact, 

in  thin  and  uneven  beds.  Lower  portion  not  well 
exposed  on  the  ridge,  since  it  is  partially  covered  with 
talus  and  soil 85 

2.  Limestone,  dolomitic,  blue  when  fresh  but  weathering 

to  buff,  beds  eight  inches  to  two  feet  thick.    In  these 

** Lower  Buff  Beds'*  the  quarries  are  located 15 

1.  Sandstone,  Saint  Peter,  not  exposed  here,  but  known  to 

rise  ten  feet  above  the  river 

ELKADER  SECTION. 

FBBT. 

5.  Dolomite,  light  blue,  rather  compact,  in  ledges  six  inches 

to  two  feet  thick .  Some  of  the  upper  strata  are  sep- 
arated by  thin  layers  of  reddish  fissile  shale 25 

4.  Dolomite,  light  gray  to  buff ,  containing  many  small  cav- 

ities, ledges  varying  in  thickness  from  one  to  five  feet, 
most  of  them  being  over  two  feet  thick 25 

3.  Dolomite,  buff,    massive,    weathers  irregularly,  forming 

pitted  surfaces 70 

2.  Unexposed •    35 

1.     Limestone,  non-magnesian,  in   thin  beds,  compact,  fos- 

siliferous,  contains  chert  nodules  arranged  in  bands, 
exposed  to  river 25 
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Pio.  10— SloDe  bridge  at  Elkader;  built  of  Oaleaa  limestone, 

Nmnbers  4  and  5  in  the  above  section  are  being  qnarried. 
Bock  for  the  stone  bridge  in  Elkader  was  obtained  from  this 
qaarry.  Nmnerons  other  sections  might  be  mentioned  bat  the 
main  features  are  given  above. 

In  places  the  entire  assemblage  of  beds  appears  to  be  non- 
dolomitic,  a  feature  which  is  not  peculiar  to  Clayton  comity 
but  is  known  to  be  characteristic  of  the  Galena  in  northeastern 
Iowa. 

The  Maquoketa  division  of  the  Ordovician  is  more  highly 
calcareous  than  equivalent  beds  in  Dubuque  and  other  comities 
to  the  south  and  yet  does  not  contain  beds  which  have  been 
quarried  to  any  extent  in  the  county.  The  chert  beds  above 
the  middle  of  the  formation  are  sufficiently  indurated  to  be  used 
for  road  material. 

DUBUQUE  COUNTY. 

The  Ordovician  system,  as  developed  in  Dubuque  county,  com- 
prises four  well  marked  divisions,  the  Saint  Peter  sandstone, 
the  Platteville  limestone,  the  Qalena  limestone,  and  the  Ma^ 
quoketa  shales.    Exposures  of  the  first  occur  along  the  Missis- 
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sippi  bluflFs  from  a  mile  or  two  above  Spechts  Ferry  to  Zollicof- 
fer  Lake,  a  distance  of  five  or  six  miles.  It  is  represented  by  a 
rather  ferruginous,  variegated,  coarse-grained  sandstone.  It 
is  friable,  though  the  upper  beds  are  sometimes  sufficiently  in- 
durated to  be  used  as  a  quarry  stone.  It  has  been  used  to  some 
extent  in  the  vicinity  of  Spechts  Ferry. 

The  Platteville  limestone  comprises  a  series^of  interbedded 
limestones  and  shales,  some  of  the  limestone  beds  being  dolomit- 
ized.  A  general  section,  according  to  Calvin  and  Bain,  is  as 
follows : 

FBBT 

8.  Shale  to  Bhaly  limestone  or  interbedded  limestones  and  shales.  5 
7.    Limestone,  bluish,  rather  coarse-grained,  in  thin  layers  ranging 

from  three  to  six  inches  in  thickness 25 

6.    Shale,  bluish  or  greenish,  very  soft,  plasMc,  with  thin  lenticular 

sheets  of  limestone  distributed  irregularly  through  it  (* 'Green 

Shales'') 12 

5.     Limestone,  bluish  beds,  weathering  brown,  coarser  grained  and 

less  fossiliferous  than  beds  below 5 

4.    Limestone,  heavier,  coarser  layers,  ledges  up  to  fifteen  inches, 

resist  weathering  well 5 

3.  Limestone,  blue,  thinly  bedded,  fine-grained,  brittle,  fossilif- 
erous, bedding  planes  very  uneven  and  undulating,  weathered 
surfaces  show  thin  shale  partings;  shale  often  quite  bitumin- 
ous.   With  the  two  zones  above  constitutes  the  ''Lower  Blue 

Beds" 20 

2.  Limestone,  dolomitic,  earthy,  impure,  non-crystalline,  hard, 
firm;  beds  range  from  eight  inches  to  three  feet  in  thickness 
and  are   well  suited  for  heavy  masonry.    "The  Lower  Bufif 

Beds'' 18  to  20 

1.    Shale,  bluish  to  greenish,  weathers  to  ashen  or  yellow,  "Basal 

Shale" 3to6 

Number  2  in  this  section  is  the  most  highly  prized  for  quarry 
purposes  although  quite  generally  obscured  by  talus  slopes. 
This  is  the  horizon  which  has  been  so  extensively  developed  and 
is  deservedly  popular  for  heavy  masonry  at  Minneapolis  and 
Saint  Paul. 

The  following  sections  in  the  vicinity  of  Spechts  Ferry  give 
the  details  of  the  Platteville. 

SPECHTS  FERRY  SE^JTION. 

FBBT. 

11.     Dolomite,     ihin-bedded,    brown,    with    shaly    partings 

(Galena) 4 

10.  Limestone,  thin-bedded,  imperfectly  dolomitized,  with 
fossil  brachiopod  shells  only  slightly  changed;  the  lime- 
stone brown,  earthy,  non-crystalline,  but  evidently  of 
the  Galena  type 8 
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FBBT. 

9.    Limestone,     thick,     earthy,     imperfectly    dolomitized 

(Galena) 3 

8.  Limestone,  thin  beds  with  much  shale  in  the  partings; 
in  part  a  true  shale.  This  member  is  almost  entirely 
shaly  a  few  rods  above  the  station  on  the  road  leading 
to  Dubuque 5 

7.  Limestone,  bluish,  rather  coarse  grained,  with  dissemi- 
nated fossils;  in  beds  varying  from  three  to  six  inches 
in  thickness 25 

H.  Shale,  bluish  or  greenish,  containing  occasional  thin 
bedp  or  discontinuous  flakes  of  limestone;  the  * 'Green 
Shales^  *  of  the  Minnesota  geologists 12 

5.     Limestone,  thin-bedded,  bluish,  rather  coarse-grained, 

weathering  brownish  in  color 5 

4.  Limestone  in  rather  heavy  layers  which  range  up  to  fif- 

teen inches  in  thickness;  bluish  on  fresh  fracture,  but 
weathering  to  buff  on  exposure 5 

3.  Limestone,  brittle,  fine-grained,  blue,  very  fossiliferous, 

breaking  up  on  weathered  surfaces  into  flexuous  lay- 
ers about  two  inches  in  thickness 20 

5.  Limestone,  ** Lower  Buff  Beds,**  exposed,  about 8 

1.  Limestone;  unexposed  to  level  of  water  in  river,  about. .       45 

About  thxee-fourths  of  a  mile  below  Spechts  Ferry  the 
•* Lower  Buff  Beds''  show  a  thickness  of  twenty  feet.  A  quarry 
in  section  10  of  Peru  township,  two  miles  below  Spechts  Ferry, 
shows  the  following  beds : 

FEET. 

5.     Limestone,  blue,  thin-bedded  at  the  top  of  the  section..         2 

4.  Shale,  the  equivalent  of  the  ** Green  Shales'' 8 

3.     Limestone,  heavy  ledges  of  fairly  good  building  stone, 

bluish,  but  weathering  into  buff  on  exposed  surfaces, 
equivalent  to  numbers  4  and  5  of  the  Spechts  Ferry 
section ; 10 

2.  Limestone,  thin-bedded,  brittle,  blue,  fossiliferous 16 

1.     Limestone,  heavy,    ** Lover  Buff   Beds,"    good   quarry 

stone 10 

The  Lower  Buflf  Beds  are  not  suflSciently  accessible  to  attain 
much  importance  in  the  county,  as  a  quarry  stone.  The  pure 
limestone  beds  above  while  more  readily  available  are  not  suf- 
ficiently durable  to  command  attention. 

The  Galena  limestone  affords  an  important  quarry  horizon 
in  the  upper  beds  and  one  much  more  generally  available  than 
the  Lower  Buff  Beds.  Numerous  quarries  have  been  opened 
and  operated  in  the  vicinity  of  the  city  of  Dubuque,  near  Graf 
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on  the  Chicago  Great  Western,  and  along  the  Illinois  Central  at 
the  crossing  of  the  North  Cascade  road. 

The  rock  quarried  is  thin-bedded  above,  ranging  from  four 
to  ten  inches  and  separated  by  thin  shaly  partings  becoming 
heavier  below,  the  beds  attaining  four  feet  or  more  in  thick- 
ness. The  rock  is  hard,  granular,  completely  dolomitized,  and 
rough  and  vesicular  on  exposed  surfaces.  It  does  not  make  a 
good  appearance  in  dressed  stone  work  but  is  excellent  for  ash- 
lar, rough  dimension  work  and  heavy  masonry.  In  bridge  work, 
foundations  and  lower  courses  in  large  buildings  it  makes  an 
excellent  appearance. 

One  of  the  most  complete  and  representative  sections  in  the 
county  may  be  seen  at  the  Eagle  Point  Lime  Works.  The  fol- 
lowing sequence  of  beds  may  be  studied : 

FEBT. 

15.  Loess-covered  slope  above  the  outcropping  ledges  of  Galena 
limestone,  culminating  in  a  prehistoric  mound  at  the  summit 
of  the  bluff 15 

14.     Dolomite  in  ledges,  varying  from  two  to  three  feet  in  thickness  10 

13.  Dolomite,  two  or  three  rather  heavy  ledges  containing  large 
numbers  of  the  problematic  fossil,  Receptaculites  oweni 
Hall.  Keceptaculites  is  found  sparingly  in  other  members 
of  the  section.     At  this  horizon,  which  will  be  called  the 

Receptaculites  zone,  it  is  exceedingly  abundant 10 

12.  Dolomite,  heavy-bedded,  typical  Galena,  hard,  crystalline  and 
relatively  free  from  chert;  in  ledges  three  to  six  feet  in  thick- 
ness    70 

11 .     Dolomite,   bed   containing   pocket«   of  calcite;  the   calcite  in 

some  cases  forming  large  crystals 3 

10.     Dolomite,  bed  containing  large  quantities  of  chert 4 

9.  Limestone,  ledges  showing  the  characteristics  of  the  typical 
Galena,  hard,  compact,  crystalline,  completely  dolomitized, 
with  small  amount  of  chert 18 

8.     Dolomite,  thick,  massive  beds  with  large  amount  of  chert 12 

7.     Dolomite,  thick  beds,  crystalline,  the  ordinary  type 6 

6.  Dolomite,  ledge  varying  in  texture,  containing  small  pockets 
of  calcite  and  some  chert;  a  single  specimen  of  Receptacu- 
lites found  in  this  ledge 4 

5.     Dolomite,    heavy  ledge   nearly  on  a  level  with  the  top  of  lime 

kiln 3 

4.     Dolomite  varying  in  aspect  according  to  degree  of  weathering; 

at  Eagle  Point  showing  bedding  planes  10  to  18  inches  apart.  15 

3.  Dolomite;  massive,  crystalline;  bedding  planes  almost  com- 
pletely obliterated 20 

2.     Limestone,  incompletely  dolomitized  beds  with  shaly  partings 

at  intervals  of  six,  eight,  or  ten  inches 10 
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FBBT. 

1.  Limestone,  basal  ledge  of  Galena,  beginning  on  top  of  Platte- 
ville  limestone  and  shale  bearing  Orthis  subteqtiata  and 
associated  fauna;  this  lower  bed  is  earthy,  incompletely 
dolomitized,  and  weathers  below  into  a  dark  brown  or 
reddish  ferruginous  clay 2 

Numbers  12  to  14  inclusive,  comprise  the  most  important 
quarry  beds.  The  chert  beds  comprising  numbers  6  to  the  base 
of  12  are  suitable  for  crushed  stone  products  and  are  also  used 
for  lime.  They  are  not  considered  desirable  for  structural  pur- 
poses. 

From  the  Eagle  Point  Lime  Works  the  beds  dip  more  or  less 
uniformly  to  the  south  and  west. 

Most  of  the  quarries  near  Dubuque  operate  the  beds  above 
number  13  in  the  Eagle  Point  section.  About  the  middle  of 
this  division  occurs  the  *' cap-rock*'  of  the  miners,  a  heavy, 
firm  layer  about  two  and  one-half  feet  in  thickness  with  an  eight 
or  nine  inch  layer  below  it. 

The  Maquoketa  shales  contain  certain  indurated  layers 
throughout  and  imi)ure,  earthy  dolomite  layers  above.  None, 
however,  are  of  sufficient  importance  to  be  worthy  of  special 
mention  for  structural  purposes  and  have  not  been  quarried  in 
the  county. 

FAYETTE  COUNTY. 

The  Maquoketa  occupies  a  considerable  area  in  the  northeast 
comer,  practically  the  entire  area  north  of  Turkey  river,  and 
appears  along  the  principal  streams  in  the  northeast  third  of 
the  county,  notably  along  the  Volga,  Turkey,  and  Little  Turkey 
rivers,  and  Otter  and  Bear  creeks.  Some  quarrying  has  been 
done  in  the  vicinity  of  Clermont,  the  Lower  Maquoketa  beds 
being  developed.  In  a  few  places  the  less  cherty  layers  of  the 
Middle  Maquoketa  division  yield  a  material  suitable  for  rough 
masonry.  The  chert  beds  of  the  Middle  Maquoketa  as  developed 
at  Clermont  are  dolomitic  and  cherty  and  aflford  an  abundance 
of  material  suitable  for  road  work,  railway  ballast  and  concrete. 
The  beds  of  the  Upper  Maquoketa  are  predominantly  argilla- 
ceous and  are  of  interest  as  a  possible  source  of  material  suit- 
able for  the  manufacture  of  Portland  cement. 
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Fia.  II— B«li  ol  Iialelui  maximui  which  cotl'tltule  the  baaal  depoalu  ot  Cbe  HftquokBta 
•lialee;  north  ol  the  bridge  la  Bcctlou  3S.  Clermooc  townahlp.  Tbe  beds  tiave  attracied 
■ome  altentloiias  a  poaalble  source  ot  Portland  cement  materials. 

HOWARD  COUNTY. 

Both  members  of  the  Ordovieian  as  developed  in  Howard 
coimty  are  exposed  in  the  vicinity  of  Florenceville.  Excellent 
sections  of  both  the  Galena-Flatteville  and  the  Maquoketa  oc- 
cur in  the  northern  tier  of  sections  in  Albion  township  but  as 
yet  the  beds  are  almost  wholly  undeveloped.  The  quarry  below 
the  mill  at  Florenceville  shows  the  following  beds : 

2.  Limestone,  irrfRularly  bedded,  fliie-nrained,  foeeiliferous, 
with  Blialy  partings;  some  of  the  layers  represented  by 
detached  nndulea  and  irreKular  lenticular  slabs  of 
limeatone  imbedded  in  shale 10 

1.  Limestone,  regularly  bedded  Id  layers  a  foot  or  more  In 
thicknest,  without  ehaly  partings,  rather  coarse- 
grained,  beds  cut  by  definite  joints,  joint  faces  pitted 
and  roughened  by  weathering 8 
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Number  1  furnishes  a  durable  grade  of  building  stone.  The 
rock  is  magnesian,  sub-crystalline  and  practically  non-fossilif- 
erous. 

JACKSON  COUNTY. 

A  few  outcrops  of  the  Platteville  stage  of  the  Trenton  series 
appear  in  Tete  de  Mort  township  from  St.  Donatus  to  the  Mis  • 
siasippi  river  and  southward.  Several  small  quarries  have  been 
opened  but  have  not  been  operated  extensively.  Perhaps  the 
largest  quarry  has  been  opened  near  the  top  of  the  bluff  at 
Gordons  Ferry  station.  A  large  amount  of  material  has  been 
taken  from  the  bluff  in  the  vicinity  and  used  in  the  construction 
of  wing  dams  along  the  river.  The  section  exposed  presents  a 
massive  dolomite  in  ledges  from  four  to  six  feet  in  thickness. 
The  beds  are  sub-crystalline  and  quite  free  from  chert.  A  small 
quarry  near  the  village  of  St.  Donatus  shows  the  following  beds : 

ST.   DONATUS  SECTION. 

FBBT. 

5.  Dolomite  I  grasdsh  yellow,  in  layers  three  to  eight  inches  in 

thickness,  which  are  separated  by  narrow  partings  of  shale; 
containing  a  number  of  fossils  in  the  form  of  casts  or  molds      5i 

4.  Dolomite,  yellowish,  similar  to  No.  5  above,  and  containing 

similar  fossils 2 

3.    Dolomite,  yellow,  two  layers,  each  about  eight  inches  in  thick- 
ness, which  are  separated  from  each  other  and  from  those 

adjacent  by  two-inch  bands  of  shale If 

2.    Dolomite,  rather  hard,   which  is  imperfectly  separated  into 

layers  respectively  2,  i,  2,  1  and  li  feet 6i 

1.    Dolomite,  yellow,  fossiliferous   and  somewhat  vesicular,  con- 
sisting of  layers  2,  3,  2i,  i  and  3  feet  in  thickness 11 

Other  quarries  have  been  operated  along  Tete  de  Mort  creek. 
A  more  extensive  natural  section  may  be  viewed  on  the  northeast 
quarter  of  section  24  in  the  same  township.  This  exposure 
shows  the  following  succession  of  beds : 

FBBT. 

8.     Dolomite,   weathered  ledge,   hard,   yellowish  gray,  indistinctly 

separated  into  layers  and  presenting  a  very  rough  surface.. .     6 

7.     Dolomite,  hard,   buff,  in  three  layers,   respectively  3,  3  and  1 

feet  in  thickness,  the  surface  showing  numerous  small  cavities    7 

6.  Dolomite  in  heavy  layers,  yellow,  Receptaculites  oweni  abundant 

near  the  middle  portion 6 

5.  Limestone,    hard,    sub-crystalline,    yellow  in    color,    showing 

numerous  cavities,  fossils  few  and  poorly  preserved 4 

16 
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FBBT. 

4.  Limeetone  similiar  in  character  to  No.  5  above,  weathering  into 

indistinct  layers  three  to  six  inches  in  thickness 5 

3.  Limestone  ledge  consisting  of  two  layers,  each  about  two  feet  in 

thickness,  containing  a  number  of  indistinct  fossil  remains. . .     4 

2.  Dolomite,  hard,  buff  colored,  similar  to  No.  3 3i 

1.     Dolomite,  hard,  massive  ledge,  yellow,  vesicular,  down  to  level 

of  water 4i 

The  upper  layers  of  Galena  become  thinner  with  numerous 
thin  shale  partings  and  the  Galena  cliffs  are  almost  invariably 
overlain  by  Maquoketa  slopes. 

The  Maquoketa  beds  are  supposed  to  be  responsible  for  the 
slopes  which  appear  at  the  base  of  the  massive  Silurian  lime- 
stone cliffs  which  face  the  Mississippi  and  its  immediate  tribu- 
taries and  also  appear  in  Fairfield  and  Van  Buren  townships. 
The  Maquoketa  beds  are  predominantly  argillaceous  but  grade 
upward  into  thin  layers  of  indurated  limestone  interbedded  with 
thin  shale  layers.  These  transition  beds  have  been  quarried 
locally  at  Bellevue  and  at  a  few  other  points  in  the  northeastern 
portion  of  the  county.  The  material  breaks  down  rapidly  when 
exposed  to  the  weather  and  is  not  of  a  durable  character.  A 
representative  section  may  be  seen  near  the  northeast  comer  of 
the  town  of  Bellevue.    The  sequence  is  as  follows: 

BELLEVUE   SECTION. 

FBBT. 

8.  Dolomite,  hard,  massive,  crystalline,  in  heavy  layers  three  to 
six  feet  in  thickness;  indistinct  remains  of  fossils  not  rare. 
Niagara  limestone 13 

7.  Limestone,  impure,  yellowish  gray,  rather  fine-grained,  in 
even  layers  four  to  fourteen  inches  in  thickness,  weathering 
into  bands  of  one  to  two  inches;  carrying  a  few  fossils; 
without  chert  nodules 14 

6.  Limestone,  argillaceous,  earthy,  in  layers  two  to  six  inches  in 
thickness;  containing  a  few  fossils.  On  weathered  faces 
thin  partings  of  shale  appear  between  the  layers 19 

5.  Stone,  yellowish,  argillaceous,  bluish  gray  where  not  exposed 

to  the  action  of  the  atmosphere;  in  layers  one  to  three  feet 
in  thickness;  weathering  into  narrow  bands  one  to  three        ^ 
inches  thick.    Occasional  nodules  of  chert  appear  in  lower 
part 15 

4.  Shale,  grayish  blue,  indurated,  calcareous,  weathers  into  thin 

bits;  without  fossils  but  carrying  a  few  chert  nodules Sk 

3.  Limestone,  impure,  rather  fine-grained,  yellow  colored,  much 

decayed  and  showing  numerous  close  lines  of  lamination . .  | 
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2.    Shftle,   bluish   gray,   aomewhftt  indiiral«d,    weathering  into 

small  polygonal  and  irregular  fragmente,  without  fosaile. . . '     10 
1.    Shale,  blue,  plaatic,  uonfoseiliferouB 30 

In  the  above  section  nmnber  8  represents  the  basal  portion 
of  the  Niagara  limestone,  which  forms  an  overhanging  cliff. 
Niimbers  6  and  7  represent  the  transition  phase  of  the  Ma- 
quokerta,  beds  which  have  been  quarried  to  a  limited  extent.  The 
shales  are  a  possible  source  of  materials  snitable  for  the  manu- 
facture of  Portland  cement. 

WINNESHIEK  COUNTY. 

Good  quarry  stone  is  available  at  a  number  of  horizons  in 
the  Ordovician  as  developed  in  Winneshiek  county.  The  lowest 
beds  eminently  suitable  for  structural  purposes  occur  near  tihe 
base  of  the  Oneota  limestone  in  Highland  and  Pleasant  town- 
ships. The  lower  thirty  or  forty  feet,  resting  directly  on  the 
Jordan  sandstone,  is  a  light  buff,  evenly  bcNlded  dolomite,  fairly 
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uniform  in  texture  and  obtainable  in  blocks  of  almost  aaj  di- 
mensions up  to  thirty  inches  in  thickness  and  easily  dressed. 
The  outcrops  are  practically  limited  to  the  blnffs  facing  Bear 
creek  from  Highlandville  to  the  county  line,  and  limited  out- 
crops on  sections  23,  24,  25  and  26  in  Pleasant  township.  These 
beds  are  almost  whoUy  undeveloped  in  the  county  on  account  of 
the  absence  of  transportation  facilities.  The  upper  beds  of  the 
Oneota  are  less  desirable  for  structural  purposes  on  ticcount 
of  tiieir  more  drusy  character,  absence  of  regular  bedding  planes 
and  general  lack  of  uniformity  in  texture,  structure  and  com- 
position. At  the  present  time  none  of  the  beds  belonging  to  the 
Oneota  are  quarried  in  Winneshiek  county. 

The  (jlalena-Platteville  limestone,  as  in  adjoining  counties, 
affords  several  well  defined  quarry  horizons.  The  three  divisions 
recogniaed  by  the  Minnesota  and  Wisconsin  geologists  are  very 
marked  here.  The  lowest  division  or  Platteville  limestone  is 
again  divisible  in  three  parts,    "Lower   Buff   Beds,"  "Thin, 
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Brittle  Beds,"  aivd  " Thicker  Quarry  Bede"  in  ascending  order. 
As  a  whole  Ute  Platteville  diickeQs  southward  and  as  a  oonse- 
quenoe  is  much  thicker  in  Dnbnqne  than  in  Winneshiek  cetmtT'. 
The  Lower  Buff  Beds  do  not  exceed  five  or  six  feet  in  the  latter 
county,  with  eight  inch  layers,  and  have  been  developed  at  but 
f«w  points  and  then  in  a  small  way.  The  heaviest  ledges  of  the 
Lower  Bnff  Beds  occur  in  the  valley  of  the  Upper  Iowa  in  the 
vicinity  of  Freeport  and  eaat.  1%e  Thin,  Brittle  Beds  were 
quarried  formerly  to  a  limited  extent,  and  while  apparently  in 
heavy  beds  where  protected,  lihey  break  down  when  exposed  to 
weathering  influences  and  are  of  little  economic  importance. 
The  uppermost  member  or  Thicker  Quarry  Bed  alttains  a  thick- 
ness of  from  four  to  eight  feet  and  is  ev^y  bedded.  The 
stone  is  hard  and  compact,  fine-grained,  non-dolomitic  limestone, 
and  is  of  a  bluish  color.  The  individiml  layers  range  from  six 
to  eight  inches  in  thickness,  are  remarkably  uniform  and  can 
be  obtained  iu  sheets  or  tablets  of  almost  any  desired  dimen- 
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sions.  This  horizon  has  been  quarried  extensively  in  the  vicinity 
of  Deoorah  and  Hesper.  The  beds  are  composed  chiefly  of  finely 
comminuted  and  firmly  cemented  brachiopod  shells.  Froin  one 
of  the  quarries  north  of  the  river  at  Decorah  attempts  were 
made  to  produce  an  om&mental  stone  by  sawing  into  thin  slabs 
and  polishing  by  machinery.  The  product  possessed  a  rather 
pleasing  appearance  and  was  used  to  a  limited  extent  for  table 
tops  and  interior  decoration. 

A  number  of  quarries  have  been  opened  in  the  Galena  lime- 
stone, above  the  level  of  the  Decorah  shale.  Many  are  small 
and  were  operated  only  temporarily  to  supply  some  immediate 
local  need.  At  no  point  does  quarrying  in  the  Galena  assume 
commercial  importance.  The  upper  quarry  of  Mr.  Halloran 
is  worked'  at  the  level  of  the  lower  Eeceptaculites  zone,  about 
fifty  feet  above  the  Decorah  shales.  The  quality  of  the  stone 
is  not  as  good  as'that  from  the  upper  part  of  the  Platteville. 
The  bedding  is  not  so  regular ;  the  texture  is  less  uniform ;  much 
of  the  stone  is  liable  to  split  into  small  chips  on  long  exposure 
to  the  weather.  There  is  a  large  quarry  at  Nordness  which  is 
opened  in  the  upper  beds  of  the  Galena.  The  Maquoketa  be- 
gins only  a  few  feet  above  the  exposure.  The  upper  beds  are 
badly  checked  and  weathered,  but  below  these  there  are  some 
quite  firm  ledges  varying  from  ten  to  fourteen  inches  in  thick- 
ness, with  which  there  is  associated  a  ten  inch  band  of  shale. 
About  the  middle  of  the  quarry  face  there  is  a  belt  of  irregularly 
bedded  concretionary  limestone,  three  feet  in  thickness,  alto- 
gether lacking  in  the  homogeneity  requisite  for  good  quarry 
stone.  Below  this  belt  there  are  six  feet  of  more  regular  €Uid 
more  homogeneous  beds,  with  some  of  the  individual  courses 
fully  ten  inches  in  thickness.  Another  quarry  at  the  same 
horizon  as  that  at  Nordness  is  opened  on  the  soutih  side  of  the 
Yellow  river,  in  the  north  half  of  the  northeast  quarter  of  seo- 
t|t>n  13,  Bloomfield  township,  on  land  belonging  to  the  estate 
of  Mr.  Melvin  Green.  The  characteristics  are  the  same  as  at 
Nordnes^  except  that  there  are  several  bands  of  shale,  ranging 
from  two  or  three  to  teri^  inches  in  thickness,  interstratified  with 
the  limestone.  Another  quarry  which  includes  the  uppermost 
beds  of  the  Galena  is  located  on  the  soufth  side  of  the  diagonal 
road  in  the  southwest  quarter  of  section  17,  Bluflfton  township. 
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There  are  other  small  quarries,  worked  temporarily  or  intermit- 
tently to  supply  the  purely  local  demands,  near  Kendallville, 
Plymouth  Rock  and  Burr  Oak.  In  bhe  southeast  quarter  of 
section  7,  Fremont  township,  are  some  small  quarries  opened  in 
beds  of  dolomitized  Galena,  a  phase  of  the  formation  resembling 
that  at  Dubuque.  Dolomitization  here  is  local,  being  restricted 
to  an  area  of  three  or  four  square  miles.  The  many  other  small 
openings  in  the  Galena  limestone  are  too  numerous  to  be  in- 
dividually noted. 
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Much  of  the  Galena  limestone  is  very  unreliable.  When 
quarrying  has  been  carried  Into  the  hillside  beyond  the  zone  of 
weathering,  the  ledges  may  appear  to  be  thick,  firm,  durable, 
suitable  for  any  kind  of  construction;  but  after  being  placed  in 
walls  and  exposed  to  alternations  of  temperature  and  the  chem- 
ical effects  of  air  and  moisture  they  split  into  thin  laminae  and 
eventually  break  up  into  small,  irregular  chips.  The  effect  is 
well  shown  in  the  portions  of  the  old  retaining  wall  still  stand- 
ing around  the  court  house  square  at  Decorah. 

Quite  an  amount  of  quarrying  has  been  done  in  the  Maquoketa 
formation.     The    Isotelus  zone  is  very  regularly  and  evenly 
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bedded,  and  in  a  few  instances  it  is  firm  enongh  to  serve  for 
building  stone.  One  qnarry  at  this  horizon,  located  in  the  north- 
west quarter  of  section  18,  Springfield  township,  is  noted  by 
Calvin  in  connection  with  the  general  discussion  of  the  Ma^ 
quoketa  beds  of  this  county."  In  some  cases  the  strata  lying 
between  the  Isotelus  zone  and  the  Clermont  shale  are  capable 
of  furnishing  a  fair  grade  of  building  material  for  rough  walls 
and  foundations;  but  the  principal  quarry  horizon  in  the  Ma- 
quoketa  is  that  of  the  Fort  Atkinson  limestone.  This,  not  in- 
frequently, is  a  hard,  granular,  crystalline  dolomite,  comparable 
to  some  phases  of  the  Galena  limestone  in  Dubuque  coimty.  At 
Fort  Atkinson  quarries  have  been  worked  in  this  formation  for 
many  years,  and  one  of  these,  located  a  few  yards  west  of  the 
old  fort  (Fig.  16),  is  capable  of  yielding  blocks  of  any  desired 
dimensions  up  to  three  feet  in  thickness.     Another  quarry  in 
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WINNESHIEK   COUNTY.  233 

the  same  limestone,  on  the  east  side  of  the  fort,  has  been  oper- 
ated intermittently  for  some  time  and  has  furnished  quite  an 
amount  of  fairly  good  material.  In  the  southwest  part  of  Mili- 
tary township  there  are  many  quarries  and  natural  exposures 
in  the  Fort  Atkinson  beds.  The  small  quarry  near  the  center  of 
the  southwest  quarter  of  section  33,  and  that  near  Ossian  in  the 
northwest  quarter  of  section  15,  will  be  found  noted  with  some 
detail  in  the  part  of  the  report  on  Winneshiek  county  which 
treats  of  the  Fort  Atkinson  limestone.*  On  the  north  side  of  the 
Cresco-Calmar  ridge  the  Fort  Atkinson  formation  comes  to  the 
surface  and  Is  quarried  near  the  center  of  the  southwest  quarter 
of  section  27,  Springfield  township,  and  about  sixty  rods  south 
of  the  northwest  comer  of  section  5,  Bloomfield.  At  the  point 
last  named  the  rock  is  yellower,  softer,  less  crystalline  than  at 
Fort  Atkinson.  The  rocks  of  this  horizon  become  more  earthy 
or  ?haly  toward  the  northeast,  and  gradually  lose  the  qualities 
of  a  pure  dolomite  which  distinguish  them  at  the  type  localities 
in  Fort  Atkinson  and  Clermont. 

LIME. 

While  no  lime  is  now  manufactured  in  Winneshiek  county, 
'the  materials  for  making  a  high  grade  product  are  not  wanting. 
The  upper  two-thirds  of  the  Oneota  is  particularly  well  suited 
for  this  purpose.  This  is  a  hard,  granular,  crystalline  dolomite 
of  much  the  same  character  as  the  Galena  limestone  which  is 
so  successfully  made  into  lime  at  Eagle  Point,  Dubuque.  At 
Waterville  in  Allamakee  county  lime  is  made  and  shipped  ex- 
pensively, and  the  stone  used  is  the  Oneota,  the  same  stone  that 
is  so  well  developed  at  Highlandville  and  Canoe,  and  along  the 
river  below  Freeport,  in  Winneshiek  county.  The  non-dolomitic 
Galena  formation  in  Winneshiek  would  make  an  excellent  lime 
if  it  were  used  soon  after  it  is  burned,  but  it  will  not  keep  as 
well  as  lime  made  from  the  Oneota  dolomite.  It  is  liable  to 
deteriorate  by  becoming  air  slaked  if  kept  in  stock  for  even  a 
comparatively  short  time,  and,  if  in  this  condition  it  is  used  for 
mortar,  it  is  easily  crumbled  and  washed  out  of  the  joints.  The 
greater  part  of  the  Niagara  limestone  should  make  a  good  grade 

*Iowa  Geological  Survey,  Vol.  XVI,  pages  107, 106. 
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of  lime.  There  is  natihing  in  the  Devonian  that  can  be  recom- 
mended for  lime  making,  unless  it  may  be  the  small  amount  of 
the  lithographic  phase  in  section  7  of  Orleans  township. 

The  Niaiiara. 

The  Niagara  limestone,  as  developed  in  Iowa,  comprises  two 
stages,  the  Hopkinton,  typically  developed  in  Delaware  and 
adjoining  counties  and  formerly  known  as  the  Delaware  stage, 
and  the  Gower,  from  Gower  township  in  Cedar  county,  where 
this  stage  shows  its  typical  development.  The  Hopkinton  stage 
comprises  a  series  of  dolomites  varying  considerably  in  compo- 
sition and  structure.  In  general,  they  occur  in  heavy  beds,  with 
bedding  planes  obscure  or  wanting.  'At  certain  horizons  and  in 
certain  localities,  the  beds  are  evidently  laminated  and  even 
become  flaggy  in  character.  They  range  from  hard,  slightly 
vesicular,  sub-crystalline,  massive  dolomites,  to  soft,  earthy 
deposits.  Certain  horizons  carry  large  quantities  of  chert.  The 
Hopkinton  attains  its  maximum  development  in  Dubuque  and 
adjoining  counties.  According  to  Professor  Calvin*  the  follow- 
ing members  of  the  Hopkinton  can  be  recognized  and  he  assigns 
their  thickness  as  follows : 

PBBT. 

7.     Upper  quarry  beds 20 

6.     Cerionites  beds  25 

5 .     Pentamerus  beds 50 

4.     Syringopora  beds 65 

3.     Chertbeds 25 

2.     Lower  quarry  beds 20 

1 .     Basal  beds 15 

Total 220 

Number  5  is  often  sub-crystalline  and  essentially  a  pure  dolo- 
mite and  is  of  excellent  quality  for  lime  burning.  It  is  used 
extensively  in  Jackson  coumty. 

The  Gower  includes  two  fairly  distinct  sub-stages,  the  Le- 
Claire  and  the  Anamosa. 

The  latter  consists  typically  of  soft,  laminated,  light  buff  to 
yellow  dolomite  in  thin  to  medium  heavy  beds  which  are  often 
practically  parallel  and  nearly  horizontal.    Texturally  the  beds 

'Geology  of  Dubuque  county,  page  450. 
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ar6  pdroiiis,'  often  highly  vesicular,  and  usually  present  a  rather 
dull  and  earthy  luster.  The  layers  are  divided  by  occasional 
vertical'  joints. 

The  L^Clatie' beds  on  the  other  hand,  comprise  a  hard,  bluish 
gray  to  a  grAyish  yellow,  sub-orystalline  dolomite.  The  prevail- 
ing color  above  the  ground  water  level  is  some  shade  of  yellow 
or  buff.  Texturally,  while  the  LeClaire  is  usually  sub-crystal- 
line, it  is  generally  vesicular  and  presents  a  decidedly  rough 
appearance  on  a  freshly  fractured  surface.  It  is  sometimes 
breociated  or  conglomeratic.  Structurfllly,  the  LeClaire  occurs 
in  mounds  and  presetots  a  very  uneven  surface  which  is  filled  by 
the  even  beds  of  the  Anamosa.  It  sometimes  appears  to  be  mas- 
sive, the  bedding  planes  being  scarcely  r^oj^zed;  at  other 
times  the  bedding  planes  are  apparent  but  are  highly  inclined  j 
hi  still  others,  the  beds  are  evidently  laminated  and  nearly 
horizontal.  The  LeClaire,  when  typically  developed,  is  an  essen- 
tially pure  dolomite  and  excellently  adapted  for  the  manufact- 
ure of  a  superior  grade  of  lime  and  is  so  utilized  at  a  number 
of  points  in  Iowa  and  Illinois;  notably,  Cedar  Valley,  Sugar 
Creek  and  Viola  in  Iowa,  and  Port  Byron  in  Illinois ;  while  the 
Anamosa  beds  are  especially  prized  as  a  dimension  atone  on 
account  of  their  unusual  uniformity  in  bedding,  composition, 
texture  and  state  of  induration.  More  than  three-fourths  of  the 
bridge  and  dimension  stone  of  the  state  is  derived  from  these 
beds.  The  leading  quarries  are  located  at  Cedar  Valley,  Stone 
City,  LeClaire  and  Mt.  Vernon. 

BREMER  COUNTY. 

The  Niagara  limestone  is  known  to  appear  at  the  surface  at 
but  few  points  in  Bremer  county.  The  most  important  section 
appears  along  Baskin  creek  in  the  southeast  quarter  of  section 
17,  range  XIII  west,  township  91  north.  The  beds  which  may  be 
seen  in  this  quarter  are  as  follows : 

FEET. 

3.  Limestone,  brecciated;  composed  of  sharp  angular  fragments 
of  a  drab,  laminated  limestone  of  lithographic  fineness  of 
grain,  in  a  gray  matrix 1 

2.     Sandstone,  filled  with  small  angular  fragments  of  white  chert, 

in  two  or  three  layers,  apparently  conformable  with  1 i 

1.  Dolomite,  light  buff,  sub-crystalline,  vesicular,  with  cavities 
up  to  eight  inches  in  diameter;  in  heavy,  irregular,  rough- 
faced  beds  up  to  two  feet  thick 13 
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The  lower  beds  were  quarried  formerly  and  used  in  the  manu- 
facture of  lime  of  excellent  quality. 

Similar,  but  less  extensive  sections  occur  in  section  20  of  the 
saire  township  ani  in  section  35  in  Douglass  township,  three  and 
one-half  miles  west  of  Tripoli.  An  analysis  of  the  last  men- 
tioned occurrence  shows  its  true  dolomitic  character,  and  is 
given  below: 

Silica 1.53 

Iron  oxide 0.48 

Calcium  carbonate » 64.32 

Magnesium  carbonate 43.41 

Combined  water .'. 0.28 

None  of  the  outcrops  mentioned  have  been  utilized  to  any  ex- 
tent commercially.  All  are  located  remote  from  towns  and  rail- 
ways and  notwithstanding  their  excellent  quality  for  lime,  and 
the  fact  that  but  little  stripping  is  required,  it  is  not  probable 
that  they  will  be  important  in  the  quarry  industry  for  some 
time  to  come. 

BUCHANAN  COUNTY. 

The  Niagara  limestone  occupies  a  triangular  area  in  the  north- 
east one-third  of  the  county.  Outcrops  appear  along  Otter  creek 
in  Hazelton  township,  and  in  Buffalo  and  Madison  townships. 
The  usual  type  exposed  is  the  coarse,  granular  dolomite.  Near 
Hazelton,  in  section  2  of  Hazelton  township,  the  coarse  dolomite 
passes  beneath  fine-grained  non-dolomitized  limestone,  varying 
in  color  from  light  drab  to  blue.  Small  openings  have  been  made 
in  all  of  the  above  areas  but  little  stone  has  been  taken  out. 

CEDAR  COUNTY.* 

Cedar  ranks  among  the  first  counties  of  the  state  in  the  value 
of  the  yearly  output  of  building  stone,  a  pre-eminence  due  chiefly 
to  the  quarries  at  Cedar  Valley.  Formerly  Lime  City  was  an 
important  producer,  but  at  the  present  time,  it  contributes  but 
little  to  swell  the  county  total.  Building  stone  of  excellent  qual- 
ity is  found  widely  distributed  over  -the  county,  and  while  the 
small  quarries  which  have  been  opened  in  almost  every  town- 

*  Professor  Norton's  excellent  write  up  on  Buildlnflr  Stone  in  his  report  on  the  Geology 
of  Cedar  county  has  been  revised  and  used  almost  in  its  entirety. 
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ship  do  not  greatly  add  to  the  lar?e  amount  contributed  by  the 
Cedar  Valley  district,  yet  their  value  and  convenience  to  the 
rural  districts  and  neighboring  towns  is  greater  than  mere  sta- 
tistics could  show.  There  is  hardly  a  section  in  the  county  where 
a  farmer  or  townsman  can  not  get  a  load  of  cheap  good  stone 
within  easy  hauling  distance.  Thus  in  Pioneer  township  there 
are  quarries  at  Peet's  mill  and  elsewhere  on  Clear  creek;  in 
Cedar  township  at  Cedar  Bluff  and  two  and  one-h-alf  miles  north 
of  that  village;  in  Gower  township  at  Cedar  Valley  and  Plato; 
in  Center  at  several  quarries  south  of  Tipton;  in  Bochester 
along  Eock  creek;  in  Iowa  near  Atalissa;  in  Sugar  Creek  at 
Lime  City  and  a  number  of  quarries  north  of  tihat  village;  in 
Springfield  southwest  of  Lowden;  in  Massilon  along  the  Wapsi- 
pinicon,  and  in  Dayton  township  near  Clarence.  Nearly  all  of 
the  building  stone  quarried  in  the  coimty  is  furnished  by  the 
Gower  stage  of  the  Silurian,  the  only  exception  being  that  of  the 
Devonian  quarries  in  Iowa  towns'hip  near  the  Muscatine  county 
line.  The  good  qualities  of  the  Anamosa  phase  of  the  Gower 
limestone  have  long  been  recognized  and  have  frequently  been 
set  forth  in  the  county  reports  on  the  counties  of  eastern  Iowa. 
Its  even  and  smooth  bedding,  its  uniform  grain,  its  comparative 
softness  in  working  with  saw  and  chisel  when  fresh  from  the 
quarry,  and  its  hardness  when  recementation  has  taken  place 
on  drying,  its  obduracy  to  all  chemical  agencies  of  rook  decay, 
and  its  resistance  to  frost,  its  pleasing  color  and  the  absence 
of  any  injurious  minerals  which  might  weaken  or  strain  the 
stone  or  impair  its  ease  of  working,  all  these  characteristics  con- 
tribute to  make  the  Anamosa  one  of  the  best  building  stones  of 
the  west. 

Bealer  Quarries. — ^In  value  of  output,  and  perfection  and  cost 
of  machinery,  these  quarries  are  the  most  noteworthy  in  Iowa 
and  are  among  the  largest  of  the  Mississippi  valley.  They  are 
located  some  six  miles  southwest  of  Tipton  on  the  right  bank 
of  the  Cedar.  The  village  which  has  sprung  up  about  them  is 
called  Cedar  Valley,  and  a  spur  connects  with  the  Cedar  Rapids- 
Clinton  line  of  the  Chicago,  Rock  Island  and  Pacific  railroad, 
near  Plato,  about  two  miles  northwest.  The  sequence  of  beds 
is  as  follows : 
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DEALER'S  QUARRY,  CEDAR  VALLEY. 

FBBT. 

9.     Limestone,  buff,  magneaian,  very  soft,  Coggan  stage 14 

8.     Limestone,   weathering  into  chipstone,   in  layers  up  to  six 

inches li 

7.     Limestone,  light  gray,*  rough,  massive,  very  vesicular 3 

6.     Limestone,  fragmental,  argillaceous 1 

5.     Beam  of  blue   agillaceous   material  extending   for]  180  feet 

along  quarry  face 0-2 

4.    Limestone  in  thin  spalls,  hard,  dense,  ''flinty'' 5i 

3.  Limestone,  hard,  rough,  buff,  crystalline,  highly  vesicular, 
with  moulds  of  spire-bearing  brachiopods,  the  spires  often 

remaining  in  casts 5 

2.    Limestone  in  layers  from  two  to  eight  inches,  laminated 4 

1.  Limestone,  light  buff,  granular;  lustre  dull,  homogeneous  in 
grain,  slightly  vesicular,  destitute  of  silica  in  any  form, 
fracture  even,  soft  when  first  quarried,  rapidly  hardening 
on  drying,  bedding  planes  horizontal,  even  and  compara- 
tively distant,  laminated,  joints  distant,  master  joints 
running  south-southeast.  All  quarried  for  building  stone, 
together  with  Nos.  2-8,  Gower  stage 94 

The  quarries  were  opened  nearly  a  quarter  of  a  century  since 
by  Mr.  E.  J.  C.  Bealer,  who,  as  a  practical  bridge  architect,  saw 
the  great  value  of  the  stone  at  this  point  for  bridge  piers  and 
aJll  heavy  masonry.  The  chief  quarry  now  in  operation  was 
opened  some  years  ago,  and  no  expense  has  been  spared  to  equip 
it  with  modem  and  effective  machinery.  A  levee  costing  $20,000 
has  been  built  along  the  river  front  for  protection  against  floods. 
Railway  tracks  in  the  quarries  are  so  built  that  the  force  of 
gravitation  is  utilized  to  the  utmost  and  no  locomotive  engines 
are  required  to  make  up  the  train  of  loaded  cars  which  in  busy 
seasons  is  sent  out  daily.  The  stripping  of  the  quarry,  consist- 
ing of  twenty-five  feet  of  soft  sUt  known  as  loess,  and  less  than 
ten  feet  of  pebbly  glacial  clay,  is  cheaply  and  expeditiously 
handled  hydraulically  by  means  of  a  high  duty  steam  pump  and 
suitable  pipes  and  hose.  In  quarrying  the  stone  there  are  em- 
ployed one  single  and  three  double  steam  channellers  and  several 
steam  drills.  The  plant  is  well  equipped  .with  boilers  and  engines 
of  suflScient  capacity  to  furnish  an  abimdance  of  power  to  oper- 
ate the  channellers,  drills,  pumps,  machine  shop  equipment, 
crusher  plants  and  numerous  derricks.  A  large  machine  shop, 
well  equipped  for  repairing  and  rebuilding  the  tools  and  ma- 
chinery of  the  plant  completes  the  equipment. 
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Pljltb  XXXVI— Qubtit  method!  In  vague  al  the  Bealer  Qnarrr. 

a.  fiaadgaddlDg. 

b.  suam  drill.  Bcamnioatypeol  rock  drill. 

c.  Double  cbaoaeler. 
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The  output  consists  chiefly  of  bridge  stone  of  three  grades. 
The  proprietor  contracts  for  completed  bridge  piers  and  has  a 
large  force  employed  in  their  construction.  Dressed  dimension 
stone  is  cut  in  the  yards  and  crushed  stone,  rip-rap,  rubble  and 
curb  «tone  are  included  in  the  products  of  the  quarry. 

The  quarries  were  opened  in  natural  ledges  fronting  the  river 
in  the  face  of  the  bluffs,  rising  about  120  feet  above  the  stream. 
These  ledges  have  been  quarried  away  over  an  area  of  several 
acres,  and  on  the  platform  thus  formed  an  extensive  pit  has  been 
sunk  to  a  depth  of  sixty  feet  below  the  level  of  water  in  the  river, 
and  another  of  like  dimensions  has  recently  been  opened.  The 
lower  ninety-four  feet  is  used  for  bridge  and  dimension  stone, 
the  stone  becoming  of  finer  grain  and  better  quality,  it  is  said, 
with  increasing  depth,  to  the  present  quarry  floor.  Above  this 
lies  a  ledge  of  twenty-two  feet  thick  used  only  for  rip-rap,  rub- 
ble, railway  ballast,  and  macadam  for  which  it  is  admirably 
adapted.  It  includes  hard,  fine-grained  spalls,  a  four-foot  layer 
of  hard,  highly  vesicular,  crystalline  limestone,  and  four  feet  of 
laminated  limestone  in  layers  from  two  to  eight  inches  thick.  On 
this  ledge  rests  a  bed  of  about  twelve  feet  of  soft,  earthy  lime- 
stone, called  the  Coggan,  wholly  worthless  for  any  industrial 
purpose,  and  constituting  a  part  of  the  stripping. 

The  quarry  stone  belongs  to  the  Gower  stage  of  the  Niagara, 
according  to  Norton.  It  coiisists  of  laminated,  light  buff,  granu- 
lar, even  bedded  dolomite  which  withstands  chemical  decay  and 
mechanical  disintegration  remarkably  well.  Open  bedding 
planes  are  so  few  that  they  are  found  to  be  practically  impervi- 
ous, a  fact  markedly  at  variance  with  similar  beds  in  Anamosa 
and  Stone  City  in  Jones  county.  The  chemical  composition  of 
tihe  rock  was  found  to  be  as  follows : 

BUILDING  STONE  QUARRY.  LIME  CITY. 

Calcium  carbonate  (CaCOs) •  &5.3 

Magnesium  carbonate  (MgCOa) 43.0 

Ferric  and  aluminum  oxides  (FeiOg  and  AUOg) 1.4 

SiUca  (SiO.) 0.6 

100.3    . 
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BUILDING  8T0NB.  BBALBR'S  QUARRY,  CEDAR  VALLEY. 

Calcium  carbonate  j[CaCOs) 56.4 

MagneBinm  carbonate  (MgCOa) 42.6 

Ferric  and  aluminum  oxides  (FesOs  and  AUOs) 0.7 

SiHca  (SiO.) 0.4 

100.1 

The  rocky  however,  is  laminated  throughout  and  may  be  split 
along  these  planes  to  layers  one  foot  in  thickness  without  diffi- 
culty, and  in  places  to  eigiht  and  nine  inches.  On  natural  out- 
crops adjacent,  long-weathered  surfaces  often  show  close  lines 
of  lamination,  but  these  are  strongly  coherent,  beyond  the  usual 
in  this  formation,  and  permit  the  quarrjdng  of  permanently 
solid  blocks  of  as  great  thickness  as  called  for.  The  common 
size  of  the  blocks  raised  from  the  lower  part  of  the  quarry  is 
sue  and  one-half  feet  long  and  three  and  one-quarter  feet  wide 
and  thick,  weighing  each  something  more  than  four  tons. 
.  In  some  of  the  outcroi>s  of  the  Anamosa  phase  of  the  Gtower 
stage,  there  are  found,  especially  toward  the  summit,  thin  layers 
or  laminae  of  a  compact,  drab,  fine-grained  limestone,  called  by 
workmen  '^ flint"  on  account  of  its  hardness,  brittleness,  and 
fracture.  Such  seams  are  a  direct  injury;  under  the  weather 
they  break  into  small  rhombic  chip-stone.  Since  their  coefficient 
of  expansion  is  different  from  that  of  the  adjoining  layers,  they 
tend  to  form  in  time  a  horizontal  cleavage  of  the  block  of  which 
they  form  a  part.  At  Sealer's  quarry  these  seams  are  prac- 
tically absent)  and  the  stone  free  from  this  element  of  weakness 
as  well  as  of  all  deleterious  accessories,  can  be  strongly  recom- 
mended as  of  the  highest  durability. 

Cedar  Bluff. — ^Immediately  above  the  bridge  at  this  village,  a 
ledge  of  Anamosa  stone  has  been  quarried  to  some  extent  for 
local  supply.  The  face  of  the  ledge  is  here  some  thirty-five 
feet.  The  upper  seven  or  eight  feet  are  weathered  to  thin  spalls. 
In  the  middle  lies  a  stratum  of  seven  feet  of  fine-graiued,  light 
yellow  limestone  of  pure  Anamosa  type.  Below  IMs  the  stone 
shows  an  alternation  of  harder  and  softer  laminse,  the  harder  be- 
iug  of  finer  grain  and  more  brittle.  The  best  building  stones  are 
said  to  be  taken  from  the  bed  of  the  river  at  the  base  of  the 
ledge. 
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Below  the  village  the  firame  formation  outcrops  on  both  sides 
of  the  river,  in  ledges  np  to  fifty  feet  in  height,  showing  the  same 
granular  laminated  limestone,  horizontally  bedded  in  even 
courses,  weathering  in  places  to  thin  calcareous  plates,  but  for 
the  most  part  standing  in  undivided  layers  up  to  two  feet  in 
thickness. 

McLeod's  Quarry,  southwest  quarter  of  section  12,  township 
82  north,  range  I  west. — On  the  left  bank  of  the  Wapsipinicon, 
less  than  one-half  mile  below  Massilon,  this  quarry  shows  a  face 
of  twenty-five  feet  of  vesicular,  semicrystalline  limestone,  the 
upper  fifteen  feet  massive  or  obscurely  bedded,  the  lower  ten 
feet  in  rough  layers  from  eighteen  to  thirty  inches  thick,  all  butf 
in  color,  and  sparingly  fossiliferous.  Just  below  the  village  on 
the  right  bank  of  the  stream,  the  same  layers  form  a  picturesque 
ledge  about  thirty  feet  high. 

F rink's  Quarry,  northwest  quarter  of  southeast  quarter  of  sec- 
tion 14,  township  82  north,  range  11  west. — The  following  section 
is  here  shown : 

FEET. 

4.     Limestone,  rough ,  in  layers  from  one-half  to  one  foot  thick, 

weathered 4 

3.     Limestone,  in  eight  inch  layers 2 

2.     Limestone,  exceedingly  roagh,  crystalline,  deeply  pitted  with 

rounded  cavities  up  to  five  inches  in  diameter 2 

1.    To  creek^evel,  not  exposed 13 

The  layers  here  form  a  gentle  syncline  dipping  2°  north  at  the 
south  end  and  6**  south  at  the  north  end. 

Burr  oughts  Quarry,  southwest  quarter  of  section  22,  township 
80  north,  range  HI  west.— The  Gower  is  here  quarried  on  a  small 
scale  on  the  left  bank  of  Bock  run.  For  eight  feet  above  the 
creek,  a  very  fair  granular  building  stone  Ues  in  layers  from 
seven  to  eighteen  inches  thick,  weathering  superficially  to  spalls 
two  to  four  inches  thick.  The  dip  to  the  southeast  is  perceptible. 
An  adjacent  ledge  reaching  a  height  ojf  twenty  feet  above  water 
level  is  composed  of  laminated  limestone,  hard,  gnay  and  crys- 
talline. A  few  rods  away  an  old  pot  kiln  attests  the  possibilities 
of  the  stone  as  a  lime  maker.  Here  a  layer  identical  with  No.  4 
of  Whann's  quarry  is  found  above  the  limerock.  Across  the 
creek  and  down  the  stream  on  the  same  farm,  about  fifty  feet  of 
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this  hardy  crystalline,  laminated  limestone  is  displayed  in  over- 
hanging ledges  and  hUlside  outtorops.  Toward  the  base  the  rock 
weathers  to  thin  spalls,  but  above  the  l>amin»  are  coherent  and 
the  cliff  breaks  down  in  immense  blocks.  Abont  fifteen  feet 
above  the  limestone  a  few  fragments  of  yellow  sandstone  were 
seen  in  a  shallow  ravine,  but  no  distinct  outcrop  was  found.  All 
the  limestone  in  this  section  resembles  the  Anamosa  stone  in 
its  lamination  and  in  its  horizontal  or  nearly  horizontal  bedding. 
Nowhere  is  it  disturbed,  tilted,  or  conglomeratic,  as  is  so  com- 
monly the  case  with  the  LeClaire.  And  yet  in  their  'hardness, 
color,  and  crystalline  texture,  these  beds  on  Rocky  run  are  dis- 
tinctly of  the  LeClaire  type. 

Wallick's  Quarry y  east  half  of  section  16,  township  81  north, 
range  IV  west. — ^Two  and  one-half  miles  north  of  Cedar  Bluff 
the  Anamosa  phase  is  quarried  for  local  uses.  The  rock  rises 
to  the  surface  in  the  low  hills,  so  tha^t  no  stripping,  except  of 
weathered  spalls,  is  necessary.  The  rock  is  of  the  ordinary 
phase  of  the  finely  laminated,  fine-grained,  light  buff  building 
stone  of  the  Gower.  It  is  in  thin  layers,  dipping  11'  SE.,  and 
shows  a  face  of  twenty  feet. 

Hecht  's  Quarry,  northeast  quarter  of  northeast  quarter  of  sec- 
tion 14,  township  82  north,  range  11  west.— The  following  section 
is  seen  at  Hecbt^s  quarry  t  ; 

FBBT. 

3.  Limestone,  spalls,  irregularly  shaped  chipstone,  buff,  resem- 
bling conglomerate  of  harder  centres  with  matrix  of  lime- 
stone meal * 

2.     Limestone,  rough,  semi-crystalline,  cores  gray,  weathering  to 

buff 1 

1.  Limestone,  for  the  most  part  evenly  bedded,  buff  or  gray, 
thickness  of  layers  from  above  downward  in  inches:  8,  18, 
10,  15,  19,  24,  12,  18,  18.  At  west  end  a  dip  of  3**  W.;  in 
center  slightly  S . ;  at  east  end  a  perceptible  dip  SW Hi 

Gary's  Quarry,  southwest  quarter  of  section  13,  township  80 
north,  range  in  west. — ^About  two  and  three-fourths  miles  south- 
west of  Tipton,  two  quarries  have  been  opened  on  Bock  creek. 
Mr.  M.  C.  Gary  here  quarries  a  face  of  JSfteen  feet  in  layers 
mostly  of  the  thickness  of  flagging,  but  some  reaching  nine 
inches.  At  the  west  end  of  the  quarry,  the  stone  is  hard  and 
crystalline,  of  the  LeClaire  phase,  in  layers  six  inches  thick  and 
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upward  and  dipping  12'  SSE.  Two  rods  east  this  has  passed 
into  the  Anamosa  phase,  but  slightly  harder  and  more  crystal- 
line than  typical,  dipping  3"  E.,  the  juncture  being  now  concealed. 

Twenty-five  rods  southwest  of  this  section  a  small  quarry  has 
been  opened  showing  a  mound  of  hard  limerock  at  the  north  end, 
and,  the  juncture  again  being  obscured,  at  the  south  Anamosa 
stone,  ^ome  layers  being  soft  and  granular,  and  others  harder 
and  more  compact.  The  layers  here  run  from  one  and  two  inches 
to  nine  and  twelve,  and  dip  from  30'  WNW.  to  38"  NNW. 

Whann's  Quarry,  northeast  quarter  of  northwest  quarter  of 
section  14,  township  80  north,  range  HE  west: 

FBET, 

5.  Limestone,  light  buff,  hard,  fine-grained,  luster  earthy,  re- 
sembles Bertram  beds  of  Linn  countv 2 

4.     Limestone,   buff,   softer,    with  numerous  branching  vertical 

tubes  one  to  two  mm .  in  diameter 1 

3.     Limestone,  hard,  gray,  crystalline H 

2.     Limestone,  buff,  more  or  less  vesicular,  in  layers  from  8  to 

30  inches  thick,  with  bands  of  harder  crystalline  gray  rock.        5 

1.     Limestone  in  layers  as  above,  buff,  granular,  laminated &i 

The  dip  here  is  a  gentle  one  to  the  southwesit.  A  few  rods  up 
stream  the  ledge  is  seen  to  form  a  low  syncline. 

LIME. 

Rock  of  the  highest  excellence  for  the  manufacture  of  lime  is 
as  broadly  distributed  over  the  county  as  is  good  building  stone. 
This  is  due  to  the  many  areas  where  the  Gower  limestone  is  ex- 
posed by  erosion,  and  to  its  rapid  alternation  at  the  same  horizon 
between  its  two  lithological  phases.  At  no  great  distance  from 
the  quarries  of  the  granular,  evenly  bedded  Anamosa  stone, 
there  will  be  found  outcrops  of  the  crystalline,  massive  or 
obliquely  bedded  dolomite,  which  takes  its  name  from  LeClaire, 
the  town  in  Scott  county  where  its  typical  features  were  seen 
and  described  by  Hall  nearly  fifty  years  ago.  Thus  at  Lime  City 
and  at  Cedar  Valley,  lime  and  building  ^bone  quarries  are  in 
close  proximity.  It  is  to  these  two  places  that  the  manufacture 
of  lime  is  at  present  restricted.  This  is  not  due  to  any  special 
advantage  in  the  quality  of  their  limerock  over  thait  of  other  lo- 
calities in  the  county  too  numerous  for  mention,  but  to  the  facil- 
ity with  which  the  rock  can  be  handled  and  the  product  placed 
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on  the  market.  In  almost  all  portions  of  the  comity  the  explorer 
of  outcrops  of  ithe  country  rock  finds  the  white  heaps  of  half 
burned  lime  and  the  ruined  walls  left  to  show  the  place  of  pot 
kilns.  Owing  to  the  increasing  scarcity  of  wood  and  introduction 
of  the  clay  limes  from  Missouri  and  the  reduced  price  of  Port- 
land cement,  the  lime  industry  has  become  almost  extinct. 

The  upper  beds  of  the  Silurian  furnish  a  limerock  of  the  high- 
est degree  of  excellence.  It  is  from  them  that  some  of  the  largest 
kilns  in  Ohio,  Wisconsin  and  Illinois,  as  well  as  Iowa,  draw  their 
supply.  The  lime  burned  in  Cedar  county  is  identical  with  that 
of  the  well  known  kilns  at  Racine  and  Port  Byron.  Its  pre-em- 
inence depends  upon  its  chemical  and  physical  qualities.  It  is 
notably  free  from  silica  in  all  its  forms  and  from  argillaceous 
or  ferruginous  impurities.  The  large  per  cent  of  carbonate  of 
magnesia  present  makes  it  a  cool  lime,  slow  to  slack,  slow  to  set. 
The  hardness  and  durability  of  mortars  made  from  this  lime 
approach  those  of  cement.  Buildings  are  seen  in  which  it  was 
employed,  where,  after  thirty-five  years  of  weathering,  the  joints 
seem  as  fresh  as  when  struck.  Wholly  minor  advantages  are  the 
brittleneSfS  of  the  nock,  which  aids  in  its  breaking  to  suitable 
dimensions  for  the  kiln,  and  its  vesicularity,  which  gives  more 
ready  access  to  heat  in  burning  and  to  water  in  slaking. 

The  purity  of  the  Gower  dolomite  is  demonstrated  in  the  fol- 
lowing analysis  made  in  the  chemical  laboratory  of  Cornell  Col- 
lege under  the  supervision  of  Dr.  Nicholas  Knight : 

Ledge  on  Rock  Creek,  southeast  quarter  of  the  southwest 
quarter  of  section  23,  township  80  north,  range  III  west: 

Calcinm  carbonate  (CaCOg) 55.76 

Magnesium  carbonate  (MgCOg) 43.85 

Ferric  oxide  and  aluminum  oxide  (FesOs  and  AUOs) 0.26 

Silica  (SiO.) 0.12 

The  total  impurities  of  this  specimen  of  the  dolomite  used  in 
lime  making  throughout  the  county  ure  but  little  more  than  one- 
third  of  one  per  cent. 

Lime  City. — The  quarries  of  this  plant  are  situated  on  the 
right  bank  of  Sugar  creek,  five  miles  northwest  of  Wilton,  a  spur 
of  the  Chicago,  Rock  Island  and  Pacific  connecting  them  with 
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the  main  line  at  that  junction.    The  rock  is  of  the  nsnal  LeCIaire 
facies.    The  following  section  may  he  taken  as  a  fair  average : 

FBBT. 

2.  Limestone,  light  buff,  non-laminated,  soft,  earthy,  with  a 
strong  odor  of  petroleum  when  struck  with  the  hammer;  in 
layers  from  six  to  twelve  inches  in  thickness,  cherty,  nod- 
ules up  to  a  foot  in  diameter 18 

1.  Limestone,  dolomitic,  sub-crystalline,  hard,  massive;  beds 
highly  inclined;  readily  separated  from  beds  which  are  hori- 
zontal       25 

Dynamite  was  used  in  blastings  and  the  stone  was  sent  to  the 
kilns  by  a  tram  running  on  a  trestle.  Four  patent  draw  kilns 
were  used  and  the  lime  could  be  loaded  from  the  sheds  directly 
on  the  cars.  Some  years  since  petroleum  was  used  ais  fuel  in  one 
of  the  kilns,  but  later  only  wood  was  employed  for  calcination. 
The  region  about  Sugar  creek  is  forested,  arid  wood  was  obtained 
at  moderate  expense.  The  output  found  ready  market  along  the 
lines  of  the  Chicago,  Rock  Island  and  Pacific  Railway  in  Iowa 
and  the  states  west.  The  amount,  of  stripping  is  very  slight. 
The  beds  of  the  Ooggan,  which  overlie  the  limerock,  are  shipped 
for  riprap  and  ballast,  being  wholly  unavailable  for  lime  or 
building  stone.  No  lime  has  been  produced  here  for  some  years 
and  the  plant  is  dismantled. 

Cedar  Valley. — The  lime  plant  at  Cedar  Valley  consists  of 
three  patent  draw-kilns,  each  with  a  capacity  of  120  barrels,  and 
the  usual  storage  and  cooper  sheds.  Of  the  quarry  face  of  sixty 
feet,  scarcely  any  is  uniavailable  for  lime,  and  the  expense  of 
stripping  is  inconsiderable.  The  rock  is  economically  handled, 
and  the  lime  is  loaded  on  the  ears  of  the  Chicago,  Rock  Island 
and  Pacific  Railway.  It  has  found  a  wide  market  over  Iowa  and 
the  adjacent  states  to  the  west.  Wood  is  employed  as  fuel  and  is 
brought  in  from  the  heavily  wooded  hills  of  the  Kansan  upland 
on  both  sides  of  the  river. 

CLAYTON  COUNTY. 

The  Niagara  limestone  covers  an  extensive  area  in  the  south- 
em  portion  of  the  county,  an  irregular  area  on  the  divide  be- 
tween the  Volga  and  Turkey  rivers  and  small  outliers  in  Grand 
Meadow  and  Marion  townships.   A  large  number  of  outcrops  are 
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available  along  the  numerous  stream  ways.  Quarries  have  been 
opened  near  Gunder  and  Strawberry  Point.  An  extensive 
quarry  is  opened  just  across  the  line  in  Fayette  oounty.  The 
beds  developed  are  similar  to  those  available  in  Clayton  county. 
The  Niagara  beds  are  somewhat  variable  but  consist  generally 
of  a  buff,  heavy  bedded  dolomite,  the  ledges  varying  from  two 
to  four  or  more  feet  in  thickness.  The  Wilkes  Williams  quarry 
which  is  described  later  under  the  discussion  of  Fayette  county 
may  be  accepted  as  representative  for  the  northern  outliers  in 
Clayton  county.  In  section  15,  Cass  township,  about  one  mile 
north  of  Strawberry  Point,  the  following  quarry  section  may  be 
observed : 

FBBT. 

2.     Dolomite,  coarse-textured,  buff,  containing  chert  nodules,  in 

ledges  eighteen  inches  to  three  or  four  feet  thick 8-10 

1.  Dolomite,  light  gray,  almost  white,  finely  crystalline,  free 
from  chert,  in  layers  from  four  to  eighteen  inches  and  two 
and  one-half  feet  in  thickness .  The  thicker  ledges  can  be 
split  into  any  desired  thickness  along  lamination  planes. 
The  rock  is  soft  when  first  quarried  and  grows  hard  on  ex- 
posure       6-8 

Similar  sections  have  been  developed  at  other  points  in  the 
neighborhood.  The  beds  are  eome  sixty  to  seventy  feet  above 
the  base  of  the  Niagara.  They  are  almost  white,  fine-grained 
and  rather  i^f t  when  first  quarried  and  attain  a  thickness  of 
twenty  to  twenty-five  feet. 

LIME. 

Clayton  county  has  a  wealth  of  raw  material  suitable  for  the 
manufacture  of  good  lime.  Kilns  have  been  operated  at  various 
points  in  the  county  and  materials  from  several  horizons  were 
used.  At  the  present  time  only  two  kilns  are  operated,  both 
being  located  at  Guttenberg  and  both  utilize  the  transition  beds 
of  the  Galena-Platteville.  A  better  grade  of  lime  could  be  made 
from  the  fully  dolomitized  beds  of  the  Oneota,  Galena  or  Niag- 
ara.   Only  sufficient  lime  is  produced  to  supply  the  local  demand. 

CLINTON  COUNTY. 

With  the  exception  of  a  small  area  close  to  the  Mississippi  in 
Elk  River  and  Spring  Valley  townships,  which  is  underlain  by 
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the  Maqnoketa  shales,  the  oountry  rock  of  Clmton  comity  be- 
longs to  the  Niagara  stage  of  the  Silnrian.  There  are  said  to  be 
exposures  of  Niagara  limestone  in  every  township  in  the  oonnty, 
save  one,  Berlin  township. 

It  is  quarried  particnlarly  in  the  vicinity  of  Clinton,  where 
oonsiderable  thicknesses  of  the  limestone  are  exposed  in  the 
bluffs  bordering  the  valley  of  the  Mississippi.  There  are  also 
many  small  openings  from  which  stone  is  removed,  that  are  scat- 
tered so  universally  over  the  county  that  it  is  scarcely  possible 
to  segregate  them  into  districts.  Next  to  the  Clinton  quarries, 
in  the  depth  of  strata  exposed  as  well  as  in  commercial  impor- 
tance, come,  no  doubt,  the  group  of  small  quarries  in  the  south 
tier  of  townships  near  the  Wapsipinicon  €md  in  the  neighborhood 
of  Wheatland,  Calamus,  and  Dewitt. 

The  Niagara  consists  typically  of  beds  of  dolomitic  limestone 
and  dolomite,  varying  In  nature  from  fine-grained,  yellow,  thinly 
laminated  and  porous  layers,  to  heavy  beds  as  great  as  six  feet 
in  depth,  of  brown  to  bluish  gray  compact  stone.  Chert  in  bands 
and  nodules  occurs  very  commonly  throughout  the  Niagara 
strata.  As  mentioned,  the  stone  has  been  quarried  at  a  number 
of  localities  in  different  parts  of  the  county.  The  following  char- 
acteristic sections  will  afford  an  idea  of  the  quality  of  the  rock, 
the  succession  of  the  beds  and  the  extent  and  possibilities  of  the 
building  stone  industry.  They  are  taken  in  the  principal  quarry 
districts. 

Clinton  quarries. — ^The  Clinton  City  quarry  is  located  at 
Fourth  Avenue  and  Bluff  Boad.  The  usable  strata  here  consist 
of  an  upper  four  to  five  feet  of  soft,  thin-bedded  stone  which 
grades  into  a  somewhat  firmer  gray  to  bluish  rock  below.  All  of 
the  beds  are  porous  and  often  cavernous  on  a  small  scale.  There 
are  six  to  eight  feet  of  weathered  dolomitic  residue  and  a  varying 
depth  of  loess  overlying  the  quarry.  The  lower  beds  are  being 
used  in  city  street  work. 

The  Thomas  Purcell  quarry  is  located  at  Eighth  Avenue  and 
Sixth  Street.  A  face  of  fifteen  feet  is  open,  running  nearly  a 
block  parallel  to  Eighth  Avenue  and  consisting  of  strata  similar 
to  those  described  above.  Below  the  upper  five  feet  the  beds  are 
heavy;  in  some  instances  individual  ledges  are  three  feet  thick. 
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The  bottom  •stratum  contains  nodules  of  white  chert.  Further 
quarrying  here  is  limited  by  the  city  improvements. 

The  Union  Park  quarry  bielonging  to  the  Turner  Society  and 
worked  by  Henry  Jessen  is  situated  at  the  intersection  of  Union 
Street  and  Bluff  Bead.  A  maximum  of  thirty  feet  of  the  Niag- 
ara is  exposed,  covered  by  three  to  four  feet  of  drift  and  ten  to 
twenty  feet  of  loess.  The  upper  portions  of  the  dolomitic  beds 
are  fissured  and  weathered  in  places  to  a  residuum  or  '^geest.'* 
The  top  beds  are  also  soft  and  of  an  ocherous  yellow  color.  The 
bottom  ledges  are  denser,  of  a  gray  color  and  run  one  to  three 
feet  in  thickness.  Only  the  latter  are  solid  enough  for  founda- 
tion or  other  important  masonry  work.  The  quarry  is  worked 
constantly,  hand  methods  only  being  practiced.  The  heavy  and 
increasing  amount  of  stripping  necessary  to  obtain  these  lower 
strata  is  a  great  handicap  to  extensive  development. 

The  quarry  of  Thomas  Carey  on  Fourth  Street,  near  Lamb^s, 
is  the  most  extensive  opening  in  Clinton.  There  is  less  of  the 
worthless  disintegrated  material  here  above  the  solid  ledges. 
Thirty-five  to  forty  feet  of  usable  stone  have  been  opened  up  and 
a  large  amount  taken  out.  The  individual  beds  vary  in  thickness 
from  a  few  inches  to  three  feet  and  products  of  any  desired 
dimensions  are  obtainable.  Fifteen  to  twenty  feet  of  loess  are 
removed  to  reach  the  quarry  beds.  The  output  consists  of  foun- 
dation material  and  some  dimension  stone  from  the  deepest  beds, 
while  the  upper  strata  are  crushed  for  road  and  concrete  work. 
The  quarry  is  equipped  with  a  portable  jaw  crusher  made  by  the 
Western  Wheeled  Scraper  Company. 

The  dolomitic  beds  are  exposed  at  other  points  near  Clinton, 
especially  to  the  north  in  the  vicinity  of  Lyons  and  in  many 
places  in  'Ohe  hills  to  the  west  along  small  tributaries.  At  all 
points  the  surface  layers  are  usually  badly  honeycombed  by 
weathering  and  solution,  and  often  nothing  remains  but  a  yellow- 
ish crumbling  dolomitic  sand  or  dolomitic  clay  residuum.  It  is 
therefore  necessary  to  remove  in  most  cases  great  quantities  of 
the  disintegrated  portions  to  reach  the  deeper  solid  and  more 
durable  ledges.  These  surface  materials  are  serviceable  in  the 
shape  of  crushed  stone,  although  they  are  not  of  the  best  quality, 
even  for  this  purpose. 
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The  accompanying  section  is  given  as  s'howing  the  general 
character  of  the  lower  Niagara  beds  to  which  the  Clinton  quarry 
rock  belongs  :* 

FBBT. 

6 .     Dri  f t . . . ; 5 

5.    Geeat 3 

4.    Porous  and  yellow,  dolomitic  limestone,  irregularly  bedded, 

full  of  small  crevices  lined   with  calcareous  incrustations . 

This  is  known  as  ''shell  rock'*  among  the  quarrymen 40 

3.  Finely  granular,  yellow,  dolomitic  limestone  with  numerous 

small  cavities,  often  lined  with  a  coating  of  crystalline  cal- 
cite .  Bands  of  chert  occur  at  intervals  of  from  two  to  four 
feet.  Seven  of  these  were  each  about  five  inches  in  thick- 
ness        30 

2.  Buff-brown,  dolomitic  limestone  of  fine-grained  texture,  with 

many  bands  of  chert,  also  scattered  nodules  of  chert.  The 
chert  is  most  abundant  below .  Some  of  the  chert  bands 
have  a  thickness  of  one  foot.  These  thicker  bands  occur 
above  and  the  thinner  lie  below.  Thirteen  bands  in  all 
were  counted.   The  lowermost,  of  which  some  were  no  more 

than  an  inch  in  thickness,  lie  close  together 25 

1 .     Blue  shale  (Maquoketa) 15 

In  Orange  township,  the  principal  exposures  are  on  Barber 
creek.  On  the  land  of  A.  A.  Barber,  in  the  southeast  quarter  of 
section  29,  the  following  beds  are  in  view  in  an  old  quarry : 

FBBT. 

4.  Soil 1 

3.  Shattered  and  disturbed,  yellow,  thin  bedded,  limestone  ....        9 
2:    Very  thinly  laminated,   yellow   limestone,   separating   very 

readily  along  bedding  planes   into  thin  slabs  of  even    a 

fraction  of  an  inch  in  thickness II 

1 .  The  above  rests  on  a  floor  which  dips  steeply  to  the  north  and 
consists  of  heavy,  firmer  ledges  of  weathered,  porous  lime- 
stone, some  few  feet  of  which  have  been  worked. 

The  top,  No.  3,  **  slate, ''is  being  used  as  macadam  and  appears 
to  give  good  service  in  this  capacity  on  country  roads. 

Mrs.  A.  Smith  has  a  small  quarry  south  of  Barber  creek  in 
the  southwest  quarter  of  the  southeast  quarter  of  section  29. 
Eight  to  ten  feet  of  porous  yellow  limestone  are  exposed  in  beds 
from  six  inches  to  less  than  one  inch  in  thickness.  There  is 
little  drift  or  soil  covering.  The  same  stone  crops  out  in  the 
hills  along  both  sides  of  Barber  creek,  southeastward,  through 
sections  29  and  30.    The  strata  are  seldom  horizontal  but  no  uni- 

*0«ol087  Clinton  county,  Iowa  Geological  Survey,  Vol.  XV,  page  401. 
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form  direction  of  dip  was  made  out.  In  some  instances  the  lack 
of  horizontality  is  likely  due  to  creep,  but  in  general  it  seems  to 
be  the  result  of  disturbances  on  a  broader  scale,  which  are  indi- 
cated also  by  the  shattering  of  the  beds  themselves. 

Near  the  southwest  corner  of  the  northeast  quarter  of  section 
9,  near  Buena  Vista,  Olive  townsjhip,  F.  C.  Huehl  has  worked  a 
quarry  on  the  land  of  S.  B.  Walker.  The  beds  are  similar  to 
those  on  Barber  creek  south  of  Grand  Mound.  They  are  less 
weathered  and  harder,  more  durable  stone  is  obtained  relatively 
near  the  surface  and  without  much  stripping. 

In  iihe  vicinity  of  Big  Bock  post  office  in  Spring  Rock  township 
the  porous  yellow  dolomite  is  exposed  in  the  cliffs  along  Bock 
run,  and  at  numerous  places  to  Ijhe  south  of  the  river  in  Scott 
county. 

In  Sharon  townsjhip,  stone  has  been  quarried  on  the  farm 
of  Henry  Kiel,  one-half  mile  east  of  Lrost  Nation.  The  beds  here 
are  porous,  uneven  and  cherty. 

The  quarry  section  given  below  is  exposed  one-fourth  of  a  mile 
east  of  the  center  of  section  15,  Sharon  township  :* 

FBBT. 

10.     Drift : 6 

9.     Geest 4 

8.  Fine-gtained  and  laminated  rock,  breaking  along  the 
horizontal   seams  into  slabs  from  one  to  three   inches  in 

thickness 4 

7.     More   coarse-grained   and   porous,   evenly  bedded,    yellow 

dolomitic  rock,  without  well  marked  lamination 3 

6.  Fine-grained  dolomitic  limestone,  in  places  with  very 
distinct    crystalline    texture,    and    weathering  into  slabs 

about  four  inches  in  thickness , 3 

5.     Yellow   rock   with  occasional  pockets   set  with  crystals  of 

calcite 4 

4.     A  single  layer  of  fine-grained,  dolomitic  rock 3 

3.  Brownish,  dolomitic  limestone  of  compact  texture,  breaking 
much    in   quarrying,    and  having  occasional  crystals  of 

calcite 3 

2.  Laminated,  fine-grained  and  compact,  dolomitic  limestone, 
breaking   into   layers   one  inch  in  thickness,  occasionally 

bearing  chert 1 

1.  Solid  and  compact  ledge  of  gray,  dolomitic  limestone,  with 
some  empty  crevices  lined  with  a  thin  coating  of  crystals 
of  calcite 2 


*J.  A.  Udden,  Iowa  Geological  Survey,  Vol.  XV,  page  400. 
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.  !Fhe  Niagfura  lime^one  forms  the.  coimtry  rock  over  nearly 
^lie  entire  oOnnty  ^d  fnmiajies  an  nnlimited  quaatity  of  stone 
Suitable  fQr  structural  purposes,  crushed  atone  and  lime.  Nu- 
merou*i9  oxrtorops  appear  along  the  principal  rivers  and  most  of 
l^eir.  tributaries,  and  these  have  been.  develox>ed  to  meet  the 
merely  local  demand.  Quarries  have  been  opened  at  a  large 
number  of  points,  especially  in  the  northeastern  half  of  the 
county..  According  to  Calvin  there  are  two  horizons  at  which 
evenly  bedded,  easily  quarried  stone  occurs,  and  the  quality  of 
the  stone  at  both  horizons  is  >such  as  to  place  it  among  the  best 
in  Ipwa.  The  lower  stone  horiwn  begins  about  thirty  feet  above 
i)he  ba$e  of  the  Niagara  limestone  and  has  a  thickness  of  more 
titan  thiriy  feet.  The  other  horizon  occurs  near  the  top  of  the 
l)elaware  ^tage,  above  the  Pentamerus  beds,,  and  has  about  the 
same  thickness  as  the  lower  quarry-stone  horizon. 

The  princii>al  quarries  of  the  lower  horizon  are  located  in  Elk 
township,  lliere  are  at  least  four  in  "section  16,  one  in  section 
S3,  and  two  or  three  occur  in  section  2.  All  are  worked  more  or 
l<ess  constantly  during  the  'summer  season. 
;  The  Wilcoi  quarry  is  located  on  the  southwest  quarter  of  sec- 
tion 16,  and  is  typical  <Qf  all  <the  others  at  this  geological  level.  It 
presents  a  vertical  face  of  about  thirty  feet.  The  beds  range 
frpm  three  or  four,  to  thirty-six  inches  in  thickness.  The  heavier 
layers  are  toward  the  top  of  the  exposure,  and  some  of  these 
contain  numerous  oherty  concretions.  Near  the  base  of  the 
quarry  the  sptone  lies  in  thinner  layers  and  is  free  from  chert. 
The  quarry  is  capable  of  yielding  good  material  for  cut  dimen- 
sion stone,  all  kinds  of  ashlar  work,  rubble  and  heavy  dimension 
stone  for  bridge  piers.  A  great  number  of  joints  trending  south- 
west-northeast cut  vertically  through  the  strata.  The  best  ma- 
terial for  cut  ptone  lies  about  the  middle  of  the  quarry  section. 
Here  the  beds  are  free  from  chert,  and  the  surfaces  of  the  indi- 
vidual layers  are  comparatively  parallel  planes.  Near  the  base 
6f  the  quarry  the  layers  present  uneven  surfaces,  the  irregulari- 
ties resembling  the  effects  of  wave  action. 
\  The  Wilcox  quarry  is  situated  on  the  north  side  of  a  triangular 
ridge  separating  two  co;nverging  valleys. .  Around  the  point  of 
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the  'hill,  and  almost  opposite  the  exposure  operated  by  Wilcox, 
another  opening  has  been  made  in  layers  corresponding  to  tiiioee 
in  the  upper  part  of  the  Wilcox  quarry.  The  stone  is  weathered 
at  the  top,  and  i<s  overlain  by  dark  brown  residual  day,  residual 
chert  and  a  thin  layer  of  loess.  There  are  no  signs  of  drift.  If 
the  Kansan  drift  was  ever  laid  down  in  this  locality  it  was  en- 
tirely removed  by  erosion  before  the  deposition  of  the  loess. 
All  the  other  quarries  opened  at  this  horizon  show  essentially  the 
same  details  as  those  described. 

Regularly  bedded  limestone,  apparently  the  same  as  the  beds 
worked,  continue  bek)w  the  base  of  the  Wilcox  quarry  for  at  least 
fifteen  feet,  and  hence  there  is  a  total  thickness  of  forty-five 
feet  of  beds  that  might  be  quarried.  Between  the  quarry  stone 
and  the  horizontally  laminated  beds  at  the  base  of  the  Niagara 
there  is  a  rather  gradual  transition  through  strata  intermediate 
in  character.  No  fossils  were  noted  either  in  the  basal  beds 
or  in  the  quarry  stone. 

There  are  qua«rries  at  the  same  horizon  in  Bremen  township. 
One  of  these  is  located  south  of  the  center  of  section  13,  and  there 
are  two  or  three  in  section  26.  A  quarry  in  the  northern  part  of 
section  26,  furnishes  good  stone  for  rough  masK)nry.  The  rock  is 
granular,  vesicular,  much  pitted  by  weathering  where  exposed, 
rather  evenly-bedded ;  beds  are  horizontal  and  vary  from  a  few 
inches  to  more  than  a  foot  in  thickness.  The  pitted  condition  due 
to  weathering  is  peculiar  and  distinguishes  the  rock  of  this  lo- 
cality from  the  equivalent  beds  on  Elk  creek.  The  quality  is  in- 
ferior when  compared  with  stone  from  the  Elk  creek  quarries. 
Another  quarry  in  which  the  stone  shows  similar  peculiarities 
of  weathering  occurs  a  short  distance  southwest  of  the  center  of 
section  26,  Bremen  township. 

Beds  of  this  lower  quarry  stone  horizon,  resembling  those  on 
Elk  creek,  are  exposed  at  many  points  along  the  Little  Turkey 
river  and  its  branches  in  the  northeastern  pait  of  Colony  town- 
ship. 

The  best  exposures  of  the  upper  quarry  horizon  are  seen  in 
Union  township,  a  few  miles  southwest  of  EOopkinton.  The  Mer- 
riam  quarry,  in  the  southeast  quarter  of  section  23,  has  been 
worked  longer  than  any  of  the  rest,  and  may  serve  as  a  general 
illustration.    The  section  is  about  as  follows : 
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MBRRIAM  SECTION. 

FSST. 

11.  Layers  of  limestone  alternating  with  layers  of  chert  each 

about  three  inches  thick 2i 

10.  Single  layer,  with  embedded  concretions  of  chert 2 

9.  Three  to  six  inch  layers  of  limestone,  alternating  with  two  to 

three  inch  layers  of  broken  chert 5 

8.  Fair  rock  with  little  chert li 

7.  Even-grained  rock,  cleavable t 

6.  Good  quarry  stone  in  several  layers 3 

5.  Compact  layer  with  large,  flat  Pentamerus 2 

4.  Lowest  layer  worked I 

3.  Vesicular  ledges  below  base  of  quarry 3 

2.  Cherty  layers 4 

1.  Cherty  and  vesicular  layers  down  to  talus 18 

The  Merriam  quarry  has  from  fifteen  to  twenty  feet  of  excel- 
lent quarry  stone.  There  are  two  or  three  other  quarries  worked 
at  the  sajgie  horizon  in  the  same  quarte^  section. 

The  Loop  quarry  is  situated  in  the  northwest  quarter  of  sec- 
tion 25,  township  87  north,  range  IV  west,  about  one  mile  south- 
east of  the  Merriam  quarry.  This  quarry  has  been  worked  for 
a  number  of  years,  and  it  is  capable  of  furnishing  a  large  amount 
of  valuable  building  stone.  The  stone  is  fine-grained,  homogene- 
ous, easily  worked  and  of  good  color.  As  the  quarry  is  carried 
farther  back  into  the  hill,  the  aggregate  thickness  of  the  avail- 
able stone  will  increase  to  twenty-five  or  thirty  feet.  The  beds 
now  exposed  furnish  excellent  material  for  rubble,  range  courses 
and  dimension  stone  up  to  ten  inches  in  thickness. 

Quarry  stone  belonging  to  the  Merriam  quarry  horizon  crops 
out  at  a  number  of  points  along  a  small  ravine  in  the  east  half 
of  section  17,  South  Fork  township.  The  bedding  seems  to  be 
thinner  here  than  on  the  west  side  of  the  Maquoketa  in  Union 
township.  Some  of  the  beds,  however,  are  ten  inches  in  thick- 
ness; and  quarries  worked  on  the  northeasrt;  quarter  of  section 
17,  and  on  the  southeast  quarter  of  the  same  section,  have  fur- 
nished a  large  amount  of  good  building  ^9tone  for  local  use.  Ak- 
other  small  opening  at  this  same  horizon  was  noted  in  section  14 
of  South  Fork  township. 

There  are  several  quarries  in  the  upper  building  «Mx>ne  beds 
in  Milo  township.  The  largest  are  located  in  the  eastern  part 
of  section  9,  near  the  north  end  of  the  highlands,  called  in  Oal- 
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Tin's  report  on  Delaware  coon'ty  tlhe  Delhi  platean.  The  land  on 
which  the  quarrying  is  done  ia  nearly  200  feet  higher  than  the 
Maquoketa  river  at  the  nearest  point.  The  rode  is  here  less 
magnesian  than  at  other  exposures  in  the  county.  A  large 
proportion  of  it  ia  bluish  in  color,  and  there  are  many  large 
pockets  of  calcite.  The  bedding  is  quite  regular,  but  the  quality 
of  the  stone  is  not  equal  to  that  at  the  Merriam  and  Loop  quar- 
ries farther  south.  A  much  better  quality  of  stone  is  furnished 
by  the  Matthews  quarry  located  near  the  center  of  section  4.  The 
Matthews  quarry  has  beds  ranging  from  two  inohes  up  to  two 
feet  in  thickness.  The  stone  has  a  good  color,  rather  fine  texture, 
and  may  be  used  for  the  better  grades  of  structural  work. 

In  Delhi  township  the  upper  quarry  stone  is  worked  to  some 
extent  at  Seal's  quarry,  in  the  town  of  Delhi.  It  is  exposed  and 
might  be  easily  quarried,  in  the  bluff  south  of  Fleming's  mills, 
in  section  29,  and  there  are  a  number  of  other  exposures,  though 
at  rather  inacces^ble  points,  along  the  bluffs  of  the  Maquoketa, 
in  sections  29,  30,  33,  34  and  35.  A  small  quarry  capable  of 
affording  very  excellent  stone  is  opened  on  the  northeast  quarter 
of  section  23. 

The  Pentamerus  beds  are  usually  massive  and  break  on  quar- 
rying  into  shapeless  pieces,  but  at  a  few  points  in  the  county  they 
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lie  in  comparatively  thin,  even  layers  that  may  be  quarried  with- 
out diflficulty,  and  yield  stone  suitable  for  a  number  of  purposes. 
The  position  of  the  Pentamerus  beds  is  between  the  two  quarry 
stone  horizons  already  described.  A  -small  quarry  is  worked  in 
the  Pentamerus  horizon  in  the  northwest  quarter  of  section  3, 
Colony  township.  In  the  same  township  there  is  another  quarry 
at  this  horizon  near  the  center  of  section  27,  and  still  another  is 
worked  in  the  eouthwest  quarter  of  section  35.  The  last  men- 
tioned has  been  operated  more  extensively  than  the  other  two. 
The  quarry  face  is  about  eight  feet  in  height.  The  beds  are 
somewhat  6>battered  near  the  top.  Chert  i'S  abundant  as  partings 
between  the  layers  or  as  concretions  embedded  in  them.  The 
limestone  is  overlain  by  a  very  reddish  brown,  pebbly  Kansan 
drift. 

Some  of  the  most  important  quarries  worked  in  the  Pentam- 
erus beds  are  located  in  the  southwest  quarter  of  the  north- 
west quarter  of  flection  31,  Bremen  township.  In  one  of  these 
quarries  there  is  an  exposed  section,  thirteen  feet  in  thickness, 
which  shows : 

PBBT. 

2.     Coarse  vesicular  stone  in  heavy  ledges,  ledges  varjring  from 

eight  to  thirty  inches  in  thickness 8 

1.  Evenly-bedded  stone  in  layers  two  to  six  inches  in  thickness. 
Some  of  the  layers  contain  Pentamerus  ohlangus  with  shells 
partly  preserved.  Stone  is  soft  earthy  dolomite,  with  some 
chert 5 

The  massive  beds  of  No.  2  contain  Lyellia,  Favosites  and  other 
corals.  These  thick  ledges  ^re  undermined  in  taking  out  the 
thinner  layers  of  No.  1,  and  great  blocks  left  without  support 
fall  down  on  the  floor  of  the  quarry. 

Some  stone  is  obtained  from  this  horizon  near  Sand  Spring 
in  South  Fork  township.  Pentamerus  limestone  is  used  for 
foundations  and  bridge  piers  at  Forestville  in  Richland  town- 
ship. Near  the  northwest  comer  of  section  2,  Milo  township, 
there  is  a  small  quarry  that  with  rather  coarse,  thin-bedded  lime- 
stone, furnishes  an  unusual  amount  of  chert. 

LIME. 

With  an  abundance  of  stone  of  first-class  grade  for  lime  burn- 
ing, it  is  a  little  surprising  to  find  that  no  lime  is  produced  in 
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DelBwtare  county.  There  «tre  no  kilns  that  are  operated  continn- 
onsly  or  that  attempt  to  do  more  than  snpply  some  temporary 
local  demand.  There  are  scores  of  localities  where  the  Pentam- 
ems  and  coral-bearing  beds,  lying  between  the  two  qtrarry  stone 
horizons,  are  massive,  crystalline  and  free  from  chert.  In  such 
ease,  if  properly  managed,  they  will  produce  a  superior  quality 
of  lime.  Bemains  of  abandoned  limekilns  are  found  in  almost 
every  neighborhood  where  the  Niagara  limestone  outcrops,  but 
no  kilns  are  in  operation  at  the  present  time.  There  are  half  a 
dozen  or  more  of  these  old  kilns  in  the  neighborhood  of  Hopkin- 
ton.  No  better  lime  was  ever  made  anywhere  than  that  which 
these  kilns  produced  when  they  were  operated.  The  raw  mate- 
rial is  abundant  and  easily  obtained.  What  is  lacking  is  capital, 
organization  and  efficient  management.  Dubuque  lime,  and  other 
limes  not  one  whit  better  than  the  home  product,  but  made  on  a 
large  scale  by  improved  methods,  are  able  to  supplant  the  home 
product  when  made  by  the  primitive  appliances  adopted  by  ihe 
pioneer  settlers  of  the  county. 

DUBUQUE  COUNTY. 

The  Niagara  limestone  covers  the  western  portion  of  the 
county  and  has  been  quarried  at  several  points.  Two  well  de- 
fined quarry  horizons  have  been  developed,  one  near  the  base 
of  the  series  between  the  fifteen  feet  of  basal  beds  and  the  chert 
beds,  and  the  other  at  tiie  top  of  the  Niagara  series  as  they 
occur  in  Dubuque  county.  Each  horizon  comprises  about  twenty 
feet  of  good  quarry  stone,  the  lower  beds  being  typically  shown 
in  the  quarries  about  Parley,  while  the  most  important  quarries 
in  the  upper  beds  have  been  opened  near  Cascade.  The  basal 
beds  and  beds  between  the  lower  and  upper  quarry  beds,  while 
suitable  for  rubble  and  crushed  stone  purposes,  are  not  quarried 
extensively  at  any  place  in  the  county. 

Typical  sections  of  the  lower  beds  may  be  seen  in  the  quarry 
of  Peter  Milesi,  east  of  Farley,  and  in  the  Arquitt  quarry  north 
of  the  same  town.  The  Milesi  quarry,  located  in  the  southwest 
quarter  of  section  8,  Taylor  townslup,  on  the  Illinois  Central 
railway,  shows  the  following  beds  and  layers : 
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lULSai  SECTION. 

8.  Couse-gntlned  bridge  Mone 21 

7.  Btone  of  mediam  grade 28 

6.  Ledge  of  flne-gnined  stone,  with  Bome  cbert 24 

6.  Stone  eimiltmr  to  number  6 14 

4.  Pine-grained  atone  of  good  qnalitj 4 

3.  Stone  of  eame  quality  as  nnmber  4 17 

2.  Stone  similar  to  3  and  4 9 

1.  Stone  like  2,  3  aDd4 26 

The  NorUi  Farley  qnarry,  located  on  the  Chicago  Great  West- 
em  railway,  shows  practically  the  same  aeries  but  with  slightly 
different  thicknesses  and  other  nnimportant  differences.  The 
seqnence  is  as  follows : 


Fio.  W-Arqnltt  Broi.  aoarry,  soDiavbat  obieursd  bj  an  exCMim  amoDnt  o(  toliu.    North 
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NORTH  FARLEY  QUARRY. 

INCBXt. 

9.    Thick  course  used  for  cellar  rock  and  rip-rap » .  36 

8.    Heavy  course  used  for  bridge  rock —  24 

7.    Bridgerock 24 

6.     Bridge  rock 16 

5.    Cherty  layer,  furnishes  some  good  material 18 

4.    Coarse,  cherty  in  places,  but  sometimes  furnishes  very  good 

stone 14 

3.    Coarse  with  some  chert,  used  for  cellar  walls 12 

2.    Stone    of    excellent    quality,     easily     sawed    to    requisite 

dimensions ;  16  ' 

1.    Bottom  ledge  of  good  quality,  caps  along  certain  planes, 

easily  sawed 26 


) 


The  bed's  quarried  at  each  place  are  dolomitic  IimestoiieSy  light 
yellow  to  buff,  fine-grained  and  finely  laminated.  The  courseB 
are  separated  by  shaly  partings  and  are  soft  and  very  easily 
worked.  In  the  Arqnitt  quarry  the  istone  is  sawed  and  dressed 
by  machinery  and  very  closely  resembles  the  Cedar  Valley  and 
Stone  City  stone.  The  lower  quarry  beds  appear  and  are  quar- 
ried farther  east;  small  quarries  have  been  opened  on  section 
2,  Taylor  township,  and  section  36,  Iowa  township.  At  the 
former  the  Niagara-Maquoketa  contact  may  be  seen  and  the 
beds  exposed  are  as  follows : 

FBBT. 

•  *  • 

5.  Chert  beds  consisting  of  coarse-grained  dolomite  in  very  un- 
even, thin  layers,  interbedded  with  a  large  amount  of  chert       4 

4.  Lower  quarry  stone  in  courses  varying  from  eight  inches  to 
two  feet  in  thickness;  stone  light  gray  to  cream  color,  rather 
fine-grained,  the  upper  layers  carrying  more  or  less  of  chert      14 

3.  Basal  beds  in  heavy  layers  which  are,  however,  capable  of 
being  split  along  lamination  planes  into  relatively  thin 
divisions 12 

2.    Transition  beds  of  Maquoketa 13 

1 .    Plastic  shale  of  the  Upper  Maquoketa;  not  measured . 

The  Iowa  township  quarry  shows  beds  higher  in  the  series  and 
less  good  quarry  rock  than  the  Taylor  township  section. 
*  About  165  feet  of  almost  worthless  material  intervene  between 
the  lower  quarry  beds  and  the  upper  quatry  beds.  The  rock 
which  constitutes  these  upper  beds  is  in  even  layers  varying 
from  three  to  ten  inches  in  thickness,  fine-grained,  cream  to  light 
buff  in  color  and  affords  an  excellent  quality  of  material  for  the 
less  massive  grades  of  building  stone.    The  stone  was  used  in 
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building  Saint  Martinis  church  at  Cascade.  Numerous  outcrops 
of  the  upper  beds  appear  in  White  Water  and  Cascade  town- 
ships. The  beds  intermediate  between  the  upper  and  lower 
quarry  beds  are  well  shown  in  the  cliffs  near  the  southwest 
comer  of  section  32,  White  Water  township.  The  sequence  is 
as  follows : 

FBBT. 

11.     Light-colored,  fine-grained  rock  resembling  the  upper  quarry 

beds 2 

10.     Dolottaite,  soft,  yellow,  easily  decomposed,  Cerionites  beds..        4 

9.     Dolomite,  moderately  hard,  yellow 5 

8.     Dolomite,  soft,  fine-grained,  gray,  Cerionites  beds 15 

7.     Dolomite,  coarse,  massive,  standing  in  vertical  cliffs;  Penta- 

merus  oblongus  horizon 45 

6.     Dolomite,  hard,  very  compact,  with  many  casts   of   Peilta- 

merus,  and  some  chert 5 

5.     Soft,  rapidly  weathering,  light  gray  beds,  with  Pentamerus 

oblongus  and  non-silicified  corals 2 

4.     Dolomite,  moderately  soft,  weathering   rapidly,  containing 

the  same  corals  found  in  number  3 7 

3.  Hard,  dark  gray  beds,  with  many  colonies  of  Favosites 
hisingerif  Halysites  catenulatuSy  Syringopora  tenella,  and 
Heliolites  interstinctus;  all  the  corals  are  silicified;  a  good 
lime-burning  rock 8 

2.  Dolomite,  coarse,  granular,  light  buff,  weathering  irregularly 
and  showing  definite  bedding  planes;  silicified  corals,  as 
in  number  3 20 

1 .     Slope  to  level  of  water  in  stream,  rock  not  exposed 20 

The  intermediate  beds  have  been  quarried  in  this  vicinity  and 
also  near  Dyersville  and  other  points  in  the  county. 

FAYETTE  COUNTY. 

The  Hopkinton  stage  of  the  Niagara  occupies  a  very  irregular 
area  over  the  north,  east  and  south  portions  of  the  county.  The 
larger  streams  of  the  area  have  cut  entirely  through  the  heavy 
beds  of  limestone  and  expose  the  Maquoketa  shales,  the  under- 
cutting of  the  softer  beds  tending  to  produce  and  maintain  es- 
carpments facing  the  streams.  Numerous  outcrops  appear  upon 
the  entire  area  and  quarrying  on  a  small  scale  has  been  done  at 
a  number  of  points.  The  most  important  quarry  in  the  county 
is  located  on  the  northeast  quarter  of  section  24,  Clermont  town- 
ship, and  is  owned  and  operated  by  Wilkes  Williams.  The  beds 
exposed  are  as  follows : 
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WILLIAMS  QUARRY  SECTION. 

PBBT. 

8.     Clay,   reddish,   largely  residual,  but  containing  occasional 

pebbles  and  small  bowlders  of  greenstone  and  granite 3 

7.  Dolomite,  much  decayed,  yellow,  containing  very  abundant 
nodules  of  chert;  long  exposed  surfaces  present  numerous 
cavities  from  which  chert  masses  have  weathered;  lami- 
nation planes  irregular  and  imperfectly  developed,  indicated 
by  bands  of  chert 14 

6.     Dolomite,  coarse-grained,  yellow,  containing  a  large  amount 

of  chert  in  the  upper  part 2 

5.     Dolomite,   heavy   ledge,   yellow  in  color  and  rather  coarsely 

granular  in  texture,  without  chert 3i 

4.     Dolomite,    coarse-grained,    yellow    in    color,   containing  no 

chert 1 

3.     Dolomite,  regular  layer,  rather  fine-grained,  without  chert...        1| 

2.  Dolomite,  yellow,  resembling  No.  1  in  texture,  two  and 
one-half  feet  in  thickness  at  the  south  end  of  the  quarry,  in- 
creasing to  four  feet  in  thickness  at  the  north 4 

1.  Dolomite,  heavy  ledge,  homogeneous,  fine-grained  with  no 
tendency  to  split  along  planes  of  lamination,  and  containing 
no  fossils  or  chert  nodules;  increasing  in  thickness  toward 
the  north 4 

The  quarry  is  located  near  the  Clayton-Fayette  comity  line, 
and  the  beds  which  are  being  developed  belong  to  an  outlier  of 
Niagara  separated  from  the  main  body.  Several  other  outliers 
similar  in  character  appear  in  the  immediate  neighborhood. 
About  twelve  to  fourteen  feet  of  stone  is  utilized  for  various 
structural  purposes  and  gives  excellent  satisfaction.  Lack  of 
transportation  facilities  greatly  limits  the  capacity  of  the  quar- 
ries, as  the  stone  must  be  hauled  to  Clermont  or  Postville  for 
shipment.  Over  the  northern  portion  of  the  county  the  Hopkin- 
ton  beds  are  remarkably  pure.  Near  Auburn  the  beds  are  pre- 
vailingly a  gray  limestone,  in  layers  two  to  six  feet  in  thickness, 
somewhat  vesicular  and  lamination  planes  not  evident.  The 
stone  is  very  hard  and  brittle,  breaking  with  a  conchoidal  to 
uneven  fracture  and  in  one  direction  about  as  readily  as  in  an- 
other. Samples  were  collected  and  analyzed  with  the  following 
results : 
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* 

1 

2 

3 

4 

5 

6 

Silica 

Alumina 

Iron  oxide 

49.60 
6.361 
6.25/ 

0.68 

0.50 

98.52 

11.95 

2.80 

84.80 

33.82 
7.831 
1.92/ 

7.55 

3.43 

78.69 

18.31 
3.60 

Lime  carbonate 

73.48 

Lime 

22.45 

31.78 

Maenesium  carbonate 

0.45 

2.40 

3.10 

Magnesia 

Soda 

*"6!26  " 
0.35 
0.90 

"""i.'52" 
1.82 
4.25 

• 

Potash 



Moisture 

0.08 

Loss  on  ignition . 

Sulphur  triozide 

13.56 
0.37 

15.60 
1.62 

6.90 
0.84 

1.62 

L.  G.  Michael,  analyst. 

1.     Maquoketa  shale,  Auburn  Mills.     Average  samples. 
Niagara  limestones,  Auburn  Mills.     Average  samples. 
Argillaceous  limestone,  near  Clermont. 
Shale  near  Clermont. 
Natural  cement  rock  near  Clermont. 
Shaly  limestone  near  base  of  Maquoketa  at  Elgin. 


2. 
3. 
4. 
5. 
6. 


Auburn  Mills  is  an  inland  town  and  while  both  shale  and  lime- 
stone are  exposed  in  unlimited  quantities  they  are  not  available 
commercially  at  the  present  time. 

Over  the  southern  portion  of  the  county  the  Niagara  limestone 
is  a  rather  coarse-grained,  yellowisfh  brown  dolomite,  and  be- 
longs much  higher  in  the  series  than  the  beds  exposed  in  the  Wil- 
liams quarry.  In  places  it  becomes  arenaceous  and  usually  car- 
ries large  numbers  of  chert  nodules.  In  the  vicinity  of  West 
Union  the  material  is  often  fine-grained,  very  hard,  light  gray 
limestone,  containing  a  large  amount  of  chert  concretions.  Near 
the  northeast  comer  of  section  22  in  Union  township,  the  follow- 
ing succession  of  beds  is  exposed : 
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• 

8.  Limestone,  impure,  yellowish  gray  in  color,  and  fine-grained; 
no  chert 

7.  Limestone,  gray  colored,  very  hard,  in  places  showing  a  tend- 
ency to  separate  into  layers  eight,  three,  two,  four  and  eight 
inches  in  thickness  respectively;  without  fossils,  and  con- 
taining no  chert 

f\  Limestone,  much  shattered,  gray,  containing  a  very  large 
amount  of  chert  in  the  form  of  nodules  and  irregular  masses 


PIBT. 


U 


2 

U 
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6.    LimeBtoDe,  dense,  flne-graioed,  gray  is  color,  without  foaaila, 

alnioat  free  from  chert  in  the  middle  portion r. 1 

4.  Limestone,  gray,  oonHisting  of  layers  two  to  four  inches  in 
thickness,  which  are  separatAd  from  one  another  by  bands 
of  chert 4 

3.  Limestone,  fine-grained,  gray,  in  two  layers  one  and  one-third 
feet  and  one  foot  in  thickness;  containing  much  chert  and 
separated  by  a  chert  seam 2i 

2.     Limestone,  maasive,  containing  a  very  large   amount  of  chert 

in  the  form  of  bands  and  imbedded  nodules 431 

1.  Limestone,  gray,  cherty,  in  layers  three  to  six  inches  in 
thickness _. 

Number  1  in  the  above  section  is  believed  to  be  the  equivalent 
of  the  upper  portion  of  number  7  in  the  WiUiams  quarry.  The 
beds  here  are  not  dolomitized  save  for  a  few  feet  near  the  top. 

Small  quarries  have  been  opened  at  other  points  in  Fairfield 
and  Auburn  townships  to  supply  the  local  demand.  Good 
natural  outcrops  are  available  at  many  other  places. 


Fid.  19— Wilkes  Wllllamii  qvinr'-y  "howlnR  the  rou«h,  heavy  bedded  tacJea  ot  tt 


JACKSON  COUNTY.  273 

JACKSON  COUNTY. 

The  Niagara  limestone  immediately  miderlies  tihe  drift  over 
more  than  five-sixths  of  the  snrf  aoe  of  the  oonnty  and  supplies 
the  chief  rock  quarried,  for  both  lime  and  structural  purposes. 
All  of  the  beds  developed,  with  the  exception  of  a  small  area  in 
Brandon  townefhip,  belong  to  the  Hopkinton  stage.  They  con- 
sist, for  the  most  part,  of  very  heavy  layers  of  sub-crystalline 
dolomite  ranging  from  two  to  eight  feet  in  thickness  and  imper- 
fectly stratified.  The  basal  beds  form  an  almost  continuous 
outcrop  along  the  Mississippi  and  appear  in  Van  Buren  and  Fair- 
field town'Ships.  Good  sections  appear  at  numerous  points  along 
the  principal  streamways  in  the  interior  of  the  county.  From 
this  wealth  of  outcrops  only  a  few  quarry  sections  are  given, 
however,  <suffioient  to  give  the  general  featun^s  of  the  beds  and 
indicate  their  availability.  The  Hopkinton  is  represented  by 
a  basal  yellow  dolomite,  which  is  non-f ossilif erous  and  free  from 
chert.  It  ranges  from  four  or  five  to  ten  or  twelve  feet  in  thick- 
ness. These  layers  are  overlain  by  the  chert  beds,  which  consist 
of  an  earthy  yellow  dolomite,  thinly  bedded  and  interstratified 
with  bands  of  cfhert,  and  attain  a  thickness  of  from  eighteen  to 
twenty  feet.  The  chert  beds  are  followed  by  the  massive,  granu- 
lar dolomite  which  constitutes'  the  main  portion  of  the  Hopkin- 
ton. It  attains  a  thickness  of  from  fifty  to  eighty  feet  and  is 
used  extensively  in  the  manufacture  of  lime.  The  following  sec- 
tions are  fairly  representative.  A  quarry  located  near  the 
northeast  comer  of  the  southwest  quarter  of  section  20,  Iowa 
townsihip,  shows  the  following  succession  of  layers : 

FBBT. 

7.     Dolomite,  decayed,  earthy,  yellow,  containing  much  chert;  the 
bedding  planes  destroyed  by  the  breaking  down  of  the  rocks 

on  weathering 10 

6.     Dolomite,  yellow,  very  cherty,  weathering  into  layers  about 

one  inch  in  thickness 3 

5.     Dolomite,  very  cherty 2i 

4 .     Dolomite,  earthy,  with  chert 2 

3.     Dolomite,  yellow,  bearing,  near  the  center,  a  band  of  chert 
two  inches  in  thickness.     Weathering  into  thin  layers  one 

to  two  inches  thick 2i 

2.     Dolomite,  yellow,  free  from  chert li 

1.     Dolomite,  yellow  colored,  rather  fine-grained,  without  chert, 

in  a  single  layer 2 

18 
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The  above  section  illustrates  the  basal  members  of  the  Niagara 
as  developed  in  the  county.  Numbers  1  to  3  represent  the  non- 
cherty  member,  and  numbers  4  to  7  represent  the  chert  beds. 

Hurst's  lime  quarrj'  section  east  of  the  river  at  HurstvUIe, 
shows  the  upper  member.    The  beds  are  as  follows : 

HURST'a  LIME  QUARRY  8ECTI0N. 

3.  Dolomite,  somewhat  decayed,  yelloivish  brown,  weathered 
into  layers  from  a  few  inchee  to  three  or  four  feet  thick; 
containing  Cerionil«e,  crinoida  and  PentameruB 16 

2.  Dolomite,  massive,  yellow,  imperfectly  separated  into  layers 
six  to  eight  feet  in  thickness,  which  contain  crinoids  and 
Halysitea  and  Favosites  besides  numerous  individuals  of 
Pentameras 30 

1.     Dolomit«,    buff,   crowded  with  rather  small  individuals  of 

Pentamerus  obloniui 8 
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The  entire  a&semblage  of  beds  is  XEsed  for  lime  buming.  A 
heavy  ledge  ten  to  twelve  feet  in  thickness  occnrs  below  nnmber 

1  of  the  section,  but  it  contains  chert  in  such  quantities  as  to 
make  it  unsuitable  for  lime  manufacture. 

JOHNSON  COUNTY. 

The  Niagara  limestone  occupies  a  small  triangular  area  in  the 
northeast  comer  of  the  county.  The  two  phases  of  the  Gower 
fiftage,  well  marked  in  other  counties,  are  represented  in  section 

2  along  the  Cedar  river  in  Cedar  township.  The  hard,  fine- 
grained, sub-crj^talline,  light  cream  colored  dolomite,  aggre- 
gating twenty  feet  in  thickness,  represents  the  LeClaire  beds, 
while  the  massive,  vesicular,  laminated  dolomite,  aggregating 
forty  feet  in  thickness,  is  referred  to  the  Anamosa  stage. 

A  complete  section  of  the  bluff  which  faces  the  Cedar  river  in 
sections  2  and  3  in  Cedar  township  is  as  follows : 

FBET. 

5.     LoeBSi  arenaceous,  light  colored 2-4 

4.    Drift,  pebbly,  containing  a  large  number  of  bowlders  from 

one  to  three  or  four  feet  in  diameter 4-6 

3.  Limestone,  laminated,  without  definite  partings,  cherty  ..  30 
2.     Limestone,  yellow,  non- laminated,  in  layers  from  four  to 

eleven  inches  in  thickness 10 

1.    Dolomite,  light  colored,  subcrystalline 20 

Number  1  represents  the  LeClaire  horizon  and  is  essentially  a 
pure  dolomite  admirably  adapted  for  the  manufacture  of  a  high 
grade  of  lime.  Numbers  2  and  3  belong  to  the  Anamosa  beds  and 
have  long  found  favor  with  the  quarrymen,  although  the  beds 
have  never  been  developed  extensively  on  account  of  lack  of 
transportation  facilities. 

JONES  COUNTY. 

The  Niagara  limestone  series  comprises  the  country  rock  over 
the  entire  county  and  excellent  exposures  may  be  viewed  along 
the  principal  streams.  While  each  stage  of  the  Niagara  furnishes 
construction  materials  suitable  for  some  economic  use,  the  Ana- 
mosa stage  and  the  evenly  bedded  horizon  near  the  top  of  the 
Hopkinton,  furnish  the  only  building  stones  of  commercial  im- 
portance, while  the  hard,  sub-crystalline,  irregularly  bedded  Le- 
Claire affords  an  inexhaustible  supply  of  material  suitable  for 
high  grade  limes. 
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The  building  stone  bed«  of  the  Hopkinton  stage  afford  some 
excellent  material,  particularly  in  the  neighborhood  of  Clay 
Mills,  Canton  and  Temple  Hill.  Near  Clay  Mills  the  ledges  vary 
from  three  to  fourteen  inches  in  thickness.  The  stone  is  gener- 
ally  of  good  color,  it  is  firm,  compact,  without  laminae,  and  in  the 
most  trying  situations,  it  resists  admirably  the  action  of  the 
weather.  All  the  exposures  of  the  Hopkinton  stage  building 
stone  are  unfortunately  located,  so  far  as  relates  to  facilities  for 
transportation.  Their  only  use  for  many  years  to  come  will  be 
the  furnishing  of  building  material  to  supply  local  demands. 

The  commercial  quarries  are  all  dependent  on  the  evenly 
bedded,  finely  laminated  istrata  of  the  Anamosa  phase  of  the 
Gower  stage.  The  most  importfmt  quarries  of  this  phase  are 
located  near  the  western  border  of  the  oounty  in  Fairview  and 
Cass  townships. 

The  evenly  bedded  stone  in  the  river  bluff-s  west  of  Anamosa 
early  attracted  attention.  The  first  extensive  use  of  it  was  made 
by  the  United  States  army  in  congtrucrting  military  roads  while 
Iowa  was  yet  a  territory.  Some  of  the  old  bridge  piers  built  un- 
der the  direction  of  the  mUitary  engineers,  are  still  ^standing  and 
bear  conclusive  testimony  to  the  durability  of  stone  from  this 
horizon.  For  some  time  the  quarries  were  worked  on  a  small 
scale  and  supplied  only  a  local  trade,  but  the  market  widened  as 
the  qualities  of  the  stone  became  better  known,  and  long  wagon 
hauls  were  made  in  order  to  secure  this  material  for  use  in  struc- 
tures of  suflScient  importance  to  justify  such  expensive  methods 
of  transportation.  In  1852  stone  was  hauled  from  what  is  now 
Stone  City  to  Mount  Vernon  for  use  in  con^struction  of  one  of 
the  first  buildings  belonging  to  Cornell  College. 

Shipments  by  rail  began  from  this  locality  in  1859,  and  after 
that  time  the  stone  industry  of  the  region  increased  rapidly. 
From  supplying  a  very  restricted  local  trade,  the  business  erf 
quarrying  and  shipping  stone  has  grown  until  it  now  reaches 
markets  distributed  throughout  Iowa,  Illinois,  Wisconsin,  Min- 
nesota, South  Dakota,  Nebraska,.  Kansas  and  Missouri.  Many 
of  the  most  important  structures  in  the  several  states  named 
are  built  of  Anamosa  stone.  It  competes  in  Chicago  and  Minne- 
apolis with  the  product  of  quarries  more  advantageously  located. 


JONES  COUNTY.  279 

SO  far  as  distance  is  concerned.  All  the  important  railways  of 
the  northwest  have  used  Anamosa  stone  in  the  cons>truction  of 
bridge  piers.  The  stone  has  been  used  extensively  in  erecting  the 
shops  and  other  buildings  at  the  Rock  Island  Arsenal.  Iowa  and 
Nebraska  have  both  used  it  in  building  hospitals  for  the  insane. 
It  meets  the  requirements  of  all  grades  of  architectural  work 
from  the  humblest  to  the  highest. 

The  Anamosa  limestone  varies  locally,  but  in  general  it  is 
composed  of  evenly  bedded,  perfectly  laminated  layers  of  impure 
dolomite  that  ranges  in  color  through  shades  of  buff  to  gray  on 
the  one  hand,  and  almost  white  on  the  other.  The  beds  are 
broadly  undulating,  but  may  be  practically  horizontal.  The 
same  beds  thicken  and  thin  gradually,  but  for  limited  distances 
are  essentially  parallel  faced.  The  stone  splits  much  more  eas- 
ily along  bedding  planes  than  in  other  directions,  although  clay 
partings  are  not  common.  Vertical  joints  are  few  and  far  be- 
tween although  more  numerous  in  some  quarries  than  in  others. 
Texturally  the  stone  varies  considerably,  from  fine-grained, 
compact,  non-laminated  beds  to  somewhat  vesicular,  coarse- 
grained and  evidently  laminated  beds.  At  Stone  City  the  Ana- 
mosa beds  have  an  aggregate  thickness  of  sixty  feet  and  are 
divided  into  two  nearly  equal  parts  by  a  porous,  worthless  ledge. 
The  lower  thirty  feet  is  known  as  the  **gray  limestone"  while 
the  beds  in  the  upper  half  constitute  the  ''white  limestone.'* 
The  most  valuable  quarry  stone  comes  from  the  lower  or  gray 
limestone.  The  upper  beds  are  imperfectly  cemented,  and  the 
cleavage  along  lamination  planes  is  more  perfect  than  in  the 
beds  below,  for  which  reason  the  rock  in  this  part  of  the  quarry 
tends  to  split  into  thin  slabs,  and  long  exposure  to  the  weather 
reduces  it  to  chipstone.  As  a  consequence  its  range  of  useful- 
ness is  somewhat  limited,  but  it  gives  good  service  when  used 
in  ordinary  masonry.  The  lower  beds,  on  the  other  hand,  lie 
below  the  level  of  the  ground  water,  are  more  perfectly  cemented, 
and  furnish  excellent  material  for  almost  all  kinds  of  structural 
purposes.  There  are  some  planes  in  this  division,  however, 
along  which  the  rock  is  vesicular,  the  cavities  being  of  rather  in- 
definite ^hape  and  ranging  up  to  two  or  even  three  in<^hes  in  di- 
ameter.   Some  of  these  are  decorated  with  crystals  of  oalcite  or 
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quartz  or  both.    Cherty  concretions  are  found  in  the  upper  lime- 
stone. 

The  most  important  quarries  are  located  along  the  Wapsi- 
pinicon  in  Stone  City  and  vicinity,  and  along  Buffalo  creek  about 
three  miles  west  of  Anamosa,  where  the  State  quarries  are 
located. 

Stone  City. 

Four  important  companies  are  operating  here  at  the  present 
time,  as  follows : 

J-.  A.  Green  &  Son ;  H.  Dearborn  &  Sons ;  J.  A.  Erickson ;  and 
John  Bonen. 

All  of  the  quarries  exhibit  about  the  same  sequence  of  beds, 
and  all  of  the  companies  have  about  the  same  equipment.  All 
have  railway  connections,  own  and  use  one  or  more  channelers 
(single  gang)  and  a  number  of  steam  drills,  steam  derricks, 
pumps  for  hydraulic  stripping,  and  a  crusher  plant  each  to  utU- 
ize  the  refuse.  All  of  the  quarries  furnish  crushed  stone,  riprap, 
rubble,  bridge  stone,  flagging,  and  all  grades  of  dimension  stone. 
Professor  Calvin  has  worked  out  a  detailed  section  for  Cham- 
pion quarry  No.  1,  which  fairly  represents  the  district  and  also 
classifies  the  various  ledges  according  to  their  uses.  The  section 
is  given  herewith.  The  quarry  was  opened  by  Mr.  Green  in 
1867. 

CHAMPION  QUARRY  No.  1.      SECTION. 

FEBT.  INCHES. 

26.     Loess,  varying  in  thickness,  maximum 20  

25.    Fine   sand  associated  with  loess,  the  sub-loessial 

sand  of  Norton 2-6  

24.     Drift  and  residual  clay 1  

23.  '* Shelly  stone*'  the  partially  decomposed  beds  of 
the  upper,  or  white  limestone,  broken  into  thin 

flakes  or  chips 2-10  

22.  ** White  stone"  splitting  readily  into  smooth  sur- 
faced slabs,  used  chiefly  for  riprap 16  

21.  ** Rotten  layer,*'  a  soft  vesicular  ledge  of  poor  qual- 
ity which  separates  the  gray  from  the  white  lime- 
stone         2  4 

20.     Compact  fine-grained  ledge,  good  building  stone..      1  5 

19.     Same  as  20 1  5 

18.     Ledge  of  good  building  stone 11 

17.    Same  as  18 11 

16.     Upper  bridge  stone,  coarse 2  6 
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PBET.         INCHB8. 

15.    Inferior  layer  containing  many  small  cavities  lined     - 

with  calcite 10 

14.    Fine-grained  building  stone 1  1 

18.  Ledge  containing  at  base  a  thin  layer  of  very  fine- 
grained, compact  limestone,  which  cracks  into 
angular  fragments  under  the  action  of  frost  (the 
bands  of  very  fine-grained  limestone  differing 
from  the  ordinary  granular  dolomite  are  called 

"flint"  by  the  quarrymen) 1  8 

12.    Ledge  with  bands  of  "flint" 1  11 

11.    Solid  ledge  of  good  building  stone 1  4 

lO.    Compact  ledge,  best  quality  afforded  by  the  quarry      1  2 
9.     "Wavy  ledge"  good  for  ordinary  masonry;  the  lam- 
inae are  more  or  less  undulated 2i-3           .... 

8.    Good  building  ledge 11 

7.    "Flint  ledge,"   compact  limestone,  breaking  into 

angular  fragments  on  exposure  to  weather i-1  4 

6.    Flagging  ledge,  easily  split 1  4 

5.    Ledge  containing  cavities  lined  with  crystals 1  .... 

4.    Ledge  of  goo4  building  stone 11 

3.    Lower  flagging  ledge . i 2  •••• 

2.    Lower  bridge  stone  ledge,  very  durable,  though 

occasionally  containing  cavities  lined  with  crystals      2  4 
1.    Ledge  that  may  again  be  split  into  blocks  conven- 
ient for  building  purposes 3           .... 

Below  the  quarry  stone  there  are  here,  as  everywhere  in  this 
region,  massive  beds  of  the  LeClaire  limestone.  The  uppermost 
ledge  of  the  LeClaire  at  the  Champion  quarry  ranges  from  two 
and  one-half  to  three  feet  in  thickness  and  was  formerly  quar- 
ried  to  a  limited  extent  for  use  in  heavy  bridge  piers. 

J.  A.  Green  &  Son  also  own  and  operate  Champion  quarry  No. 
2,  which  was  opened  in  1866,  and  they  also  own  a  quarry  on  Buf- 
falo creek  near  the  State  Quarry. 

STONE  CITY  QUARRIES. 

The  Stone  City  quarries  were  opened  by  Mr.  H.  Dearborn  in 
1869.  They  are  now  owned  and  operated  by  H.  Dearborn  & 
Sons.  They  are  located  near  the  middle  of  the  south  half  of  the 
northeast  quarter  of  section  6,  Fairview  township.  The  quarry 
face  forms  a  long  sweeping  curve  about  a  quarter  of  a  mile  in 
length  and  nearly  parallel  with  the  sweep  of  the  Wapsipinicon 
river  that  here  flows  close  to  the  foot  of  the  bluffs  in  which  the 
quarries  were  opened.  The  quality  of  the  stone  and  the  succes- 
sion of  ledges  are  essentially  the  same  as  at  the  quarries  already 
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described.  Overlying  the  stone  is  a  bed  of  loess,  sand  and  drift, 
with  an  average  thickness  of  five  feet  and  a  maximum  thickness 
of  fifteen  feet.  Some  six  or  eight  feet  of  stone  at  the  top  of  the 
quarry  are  to  be  counted  with  the  refuse,  the  beds  being  broken 
into  small  angular  pieces  as  a  result  of  weathering  prior  to  the 
deposition  of  the  superficial  drift  and  loess.  These  quarries  ex- 
pose the  whole  thickness  of  the  *  *  graystone '  *  or  lower  half  of 
the  Anamosa  beds,  above  which  are  serviceable  beds  of  the 
*' white  stone,*'  or  upper  half,  having  a  thickness  of  ten  oif  fifteen 
feet.  The  beds  are  worked  out  down  to  heavy  ledges  of  non- 
laminated  LeClaire.  The  quarries  are  capable  of  fumisrhing 
dimension  stone  from  three  to  thirty-three  inches  in  thickness, 
and  of  any  desired  length  and  width. 

ANAMOSA  QUARRY. 

The  Anamosa  quarry  was  the  first  in  this  locality  to  ship 
stone  abroad,  the  first  shipments  by  rail  being  made  in  1859. 
The  quarry  was  opened  by  David  Graham,  but  its  present  owner 
is  Mr.  J.  Bonen,  who  has  operated  it  since  1881.  The  Anamosa 
quarry  is  located  near  the  northwest  comer  of  the  southwest 
quarter,  section  5,  Fairview  township.  Mr.  Bonen 's  quarry  is 
indeed  double,  for  there  are  two  openings  a  short  distance  apart. 
At  the  first  opening  the  amount  of  clay  stripping  is  very  small. 
Beneath  the  clay  there  are  a  few  feet  of  non-laminated  worth- 
less rock  belonging  to  the  Bertram  stage.  Then  in  descending 
order  there  follow  fragmentary  beds  of  the  ** white  limestone,** 
''s^hell  rock,**  then  the  usual  succession  of  ledges  down  to  the 
lower  bridge  layer,  or  No.  2  of  the  Champion  quarry  section. 
Owing  to  the  eastward  dip  of  the  beds  at  this  locality,  the  lower 
bridge  rock  at  the  second  Bonen  quarry  is  too  low  to  be  worked, 
the  lowest  workable  beds  being  about  the  level  of  the  '*  flint 
ledge,**  or  No.  7  of  the  section  at  the  Champion. 

STATE  QUARRY. 

In  1884,  the  present  State  quarry,  or  Penitentiary  quarry,  was 
opened.  Formerly  the  stone  for  the  penitentiary  buildings  at 
Anamosa  was  obtained  from  what  is  known  as  Champion  quarry 
No.  2.  In  the  year  named  the  state  bought  property  on  Buffalo 
creek,  in  the  southwest  quarter  of  section  33,  Cass  township, 
and  began  operating  the  present  quarry.    The  quarry  is  worked 


JONES  COUMTY. 


JONES  COUNTY. 


II 
k 


JONES  COUNTY.  289 

altogether  by  convict  labor.  Above  the  stone  is  a  bed  of  loess 
and  drift  varying  in  thickness  from  a  few  inches  to  ten  or  twelve 
feet.  Below  the  drift  there  are  a  few  feet  of  decayed  and 
broken  "shell  rock*'  belonging  to  the  upper  part  of  the  ''white 
stone*'  of  the  Anamosa  phase.  Lower  in  the  quarry  the  ledges 
present  the  same  features  as  in  corresponding  parts  of  other 
exposures.  The  Anamosa  beds  dip  strongly  to  the  north  to 
accommodate  themselves  to  the  uneven  upper  surface  of  the 
LeClaire.  Most  of  the  work  at  this  quarry  is  done  by  hand. 
There  are  several  large  derricks  for  handling  the  stone,  but  they 
are  all  operated  by  hand  power.  The  stone  is  shipped  over  a 
spur  of  the  Northwestern  Railway,  which  runs  up  the  valley  of 
the  Buffalo  and  accommodates  all  the  quarries  in  this  part  of  the 
Anamosa  stone  basin. 

Other  quarries  have  been  opened  in  the  vicinity,  but  show  no 
new  features  worthy  of  mention. 

In  addition  to  the  Anamosa  and  Stone  City  district,  there  are 
several  small  areas  where  the  Anamosa  beds  are  available  and 
are  being  developed  on  a  small  scale.  The  two  worthy  of  notice 
are  near  Olin  and  Hale.  The  Rummel  quarry  near  Olin  in  Rome 
township  may  be  taken  as  a  type  in  the  district.  (Northeast 
quarter  of  the  southeast  quarter  of  section  24,  township  83  north, 
range  HI  west.)  The  quarry  is  opened  in  the  low  bluff  on  the 
west  side  of  the  valley  of  Sibyl  creek.  The  stone  belongs  to  the 
Anamosa  phase  of  the  Gower  stage,  and,  except  that  it  is  buff 
in  color,  it  corresponds  well  with  the  *  *  gray  stone, ' '  or  lower  por- 
tion of  the  formation  as  seen  near  Stone  City.  There  are  no 
definite  bedding  planes,  but  the  rock  cleaves  readily  along  any 
of  the  planes  of  lamination.  The  surfaces  of  the  laminse  are  not 
so  smooth  and  true  as  they  are  at  the  corresponding  horizon  near 
Stone  City,  but  are  irregularly  undulated,  apparently  as  a  result 
of  wave  action  at  the  time  the  beds  were  forming.  The  strata  dip 
southeast  at  an  angle  of  5\ 

In  quarrying,  only  the  simplest  tools  are  used.  Drills,  crow- 
bars, wedges,  picks,  shovels  and  wheel  barrows  make  up  the 
equipment.  The  soil  or  clay  overlying  the  stone  is  only  a  few 
inches  in  thickness.  For  two  or  three  feet  below  the  soil  the 
beds  are  broken  into  chips  or  spalls  by  weathering.    With  better 
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means  for  quarrying,  the  greater  i>art  of  the  ezposnre  would 
furnish  marketable  srtone.  The  present  method  of  quarrying, 
however,  involves  the  use  of  large  quantities  of  powder  in  a 
single  blast.  Drill  holes  are  filled,  or  nearly  filled,  with  powder, 
and  the  firing  of  such  a  blast  loosens  up  great  masses  which  are 
further  separated  and  removed  with  pick,  crowbar  and  sledges. 
The  firing  of  these  great  blasts  shatters  the  stone  badly,  render- 
ing much  of  it  worthless,  and  leaving  even  the  best  of  it  in  con- 
dition suited  for  use  in  only  the  cheaper  grades  of  masonry. 
Were  the  demand  such  as  to  justify  the  expense  of  putting  in 
improved  machinery,  stone  of  high  grade  for  many  purposes 
might  easily.be  obtained. 

Several  other  quarries  have  been  opened  in  the  inmaediate  vi- 
cinity but  present  no  new  features  of  importance. 

The  Hale  quarry  located  near  the  center  of  section  11,  Hale 
township,  three-fourths  of  a  mile  east  of  the  village  of  Hale,  may 
be  taken  as  a  type  of  the  district  of  the  same  name.  The  stone 
in  the  Hale  quarry  is  finer  than  that  in  the  quarries  near  Olin, 
but  it  resembles  the  Olin  stone  in  the  uneven,  wave-marked  sur- 
face of  the  several  beds.  The  stone  comes  practically  to  the  sur- 
face, there  being  only  a  few  inches  of  soil  overlying  the  upper 
beds.  For  about  six  feet  at  the  top  of  the  quarry  "Uie  stone  is 
much  broken  and  disintegrated,  as  a  result  of  weathering.  Be- 
low the  weathered  portion  the  rock  is  solid  and  shows  the  char- 
acteristic lamination  of  this  horizon.  Partings  between  the  beds 
are  inconspicuous.  The  flexures  of  the  beds  and  the  dip  in  all 
directions  (quaquaversal  dip)  forming  a  low  dome  near  the 
north  end  of  this  quarry,  are  interesting  features.  The  quarry 
supplies  local  trade  only. 

Quarries  have  also  been  opened  south  of  the  town  and  south 
of  the  river.  An  enormous  amount  of  excellent  material  is  avail- 
able, but  at  the  present  time  is  not  being  utilized. 

LIME. 

Lime  is  not  made  on  a  commercial  scale  anywhere  in  Jones 
county,  although  beds  suitable  for  its  manufacture  occur  abun- 
dantly in  the  Hopkinton  stage  and  the  LeClaire  phase  of  liie 
Gower.  Lime  was  formerly  made  at  points  near  Anamosa, 
Stone  City,  Olin,  Clay  Mills,  and  Hale.    There  are  LeClaire  beds 
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near  the  qnarries  on  the  Buffalo^  and  there  are  others  near  Ana- 
mosa  and  Stone  City  cajmble  of  fnmi&rhing  material  for  mann- 
f actnre  into  lime  of  the  'highest  excellence.  At  the  points  named 
the  facilities  for  shipping  are  good.  There  are  many  other 
eqnally  good  exposures  of  lime  burning  <stoney  but  they  are  less 
favorably  situated  with  reference  to  easy  access  to  markets. 

LINN  COUNTY. 

The  Niagara  limestone  includes  an  irregular  strip  which 
crosses  the  east  end  of  the  county  and  comprises  one-third  of  its 
superficial  area.  Tongue  shaped  projections  extend  up  all  of 
the  more  important  streams,  reaching  Cedar  Bapids  along  the 
Cedar.  The  Niagara  presents  its  usual  phases,  including  lower 
heavy  bedded,  coarse,  cherty  dolomite  now  referred  to  the  Hop- 
kinton,  which  is  followed  by  the  sub-crystalline,  hard,  brittle, 
often  highly  inclined  beds  of  the  LeClaire  and  these  in  turn,  suc- 
ceeded by  the  smooth,  evenly  bedded,  gray  to  buff,  dolomitic 
layers  of  the  Anamosa  phase  of  the  Gower,  which  are  followed  in 
turn  by  hard,  compact,  brittle,  magnesian  limestones,  which 
Norton  has  designated  the  Bertram,  and  which  complete  the 
series. 

Practically  all  of  the  important  quarries  in  the  county  are 
operating  in  the  Anamosa  beds  which  are  typically  developed  at 
Stone  City,  while  the  lime  producers  are  developing  the  LeClaire 
beds.  A  wealth  of  exposures  occurs  along  nearly  all  of  the  prin- 
cipal streamB.  A  few  only,  are  given  by  way  of  illustration. 
The  sections  already  given  for  Stone  City  and  vicinity,  may  be 
taken  as  a  standard,  as  the  beds  are  more  extensively  exposed 
and  developed  at  that  point  than  at  any  point  in  Linn  county.  At 
Mount  Vernon  practically  the  same  beds  appear  and  differ  only 
in  being  of  slightly  coarser  grain.  The  quarries  are  connected 
by  a  switch  with  the  main  line  of  the  Chicago  and  Northwestern 
railway  and  are  equipped  with  a  steel  derrick,  cars,  trackage,  an 
inclined  plane  to  a  No.  3  Gates  crusher  and  the  usual  number  of 
elevators,  screens  and  bins.  The  quarry  section  shows  the  fol- 
lowing sequence  of  layers : 
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MOUNT  VERNON  SECTION. 

FBBT. 

4.     Soil,  loess  and  drift 0-10 

8.  Limestone,  dolomitio,  weathered  to  spalls  and  chip-stone...  6-8 
2.     Limestone,  dolomitic,  in  layers  up  to  eight  inches  in  thick* 

ness S-6 

1 .    Dolomite,  in  layers  ranging  from  six  to  thirty-six  inches  in 

thickness,  aggregating,  exposed 12 

The  pit  is  filled  with  water  at  the  present  time  so  that  number 
1  is  obscnred  very  largely.  The  property  is  in  litigation  and  the 
qnarry  has  not  been  operated  save  in  a  very  small  way  daring 
the  past  few  years.  Stone  snitable  for  bridge  work,  caps  and 
sills,  dimension  and  cut  stone  purposes  is  available  and  equal  in 
quality  to  any  produced  from  the  Niagara  in  Iowa.  Other  quar- 
ries have  been  opened  in  the  district,  some  of  which  are  still 
operated  intermittently. 

Splendid  sections  of  the  Anamosa  stone  may  be  viewed  along 
the  Wapsipinicon  northwest  of  Stone  City.  Several  quarries 
have  been  opened  at  Waubeek  and  vicinity,  but  owing  to  the 
lack  of  proper  transportation  facilities,  stone  is  produced  to 
supply  the  local  demand  only.  The  beds  available  are  essentially 
the  same  as  those  exploited  at  Stone  City  and  are  as  easily 
accessible. 

LIME. 

The  LeClaire  limestone  supplies  all  of  the  lime  burned  in  the 
county.  Kilns  have  been  built  and  operated  at  Viola  and  Mount 
Vernon,  but  recently  only  the  plant  at  Viola  has  been  in  opera- 
tion and  even  that  only  intermittently.  The  Viola  Lime  Com- 
pany is  developing  the  highly  inclined  beds  of  the  LeClaire, 
which  attain  a  thickness  of  about  twenty  feet  and  rest  on  heavy 
beds  of  dolomite  which  are  practically  horizontal.  The  upper 
beds  only  are  used  for  lime  and  consist  of  a  hard,  brittle,  sub- 
crystalline  dolomite  which  is  only  slightly  vesicular.  The  com- 
pany is  using  the  Eldred  process  of  manufacture  and  uses 
Hocking  Valley  coal  for  fuel.  The  lime  produced  is  one  of  the 
best  in  the  «tate. 

SCOTT  COUNTY. 

The  Silurian  rocks  in  Scott  county  belong  to  the  Niagara  se- 
ries and  form  the  country  rock  over  the  northern  two-thirds  of 
the  county.    The  lowest  stage  of  the  Niagara,  ihe  Hopkinton, 
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has  not  been  recognized  in  the  connty  and  all  of  the  Silurian 
limestones  are  referred  to  the  npper  stage,  the  Gower  of  Norton. 
Exposures  of  the  Qower  occur  in  all  the  townships  north  of  a  line 
extending  from  Valley  City  slightly  northwest  to  about  five 
miles  north  of  Durant,  save  in  Sheridan  and  Lincoln  townships 
where  the  drift  completely  conceals  the  country  rocks. 

The  two  distinct  lithological  phiases  of  the  Gower  are  well 
shown  in  the  county.  The  pure,  hard,  sub-crystalline  dolomite, 
free  from  chert  and  especially  adapted  to  the  manufacture  of 
lime,  is  known  as  the  LeClaire  from  its  occurrence  at  the  village 
of  that  name.  The  upper  beds,  comprising  light  buflf,  vesicular, 
evenly  bedded  dolomite,  are  generally  known  as  the  Anamosa 
stone. 

A  distinguishing  characteristic  of  the  LeClaire  rocks  is  the 
absence  or  abnormal  disposition  of  its  bedding  planes.  It  often 
apparently  occurs  in  large  mounds  in  which  scarcely  a  trace  of 
stratification  is  visible.  Such  an  example  may  be  seen  at 
Schmidt's  lime  quarry  south  of  Dixon.  The  LeClaire  often 
exhibits  false  bedding  on  gigantic  scale ;  the  beds  being  inclined 
from  zero  to  40  degrees.  The  dip  is  exceedingly  inconstant, 
varying  both  in  inclination  and  direction  in  short  distances. 

The  Anamosa  beds  are  intimately  associated  with  the  Le- 
Claire, and  usually  lie  in  even  and  horizontal  or  slightly  undulat- 
ing layers.  Chemically  the  Anamosa  stone  is  a  dolomite,  differ- 
ing in  its  constituents  from  the  LeClaire  in  the  larger  per  cent 
of  the  impurities  present.  In  Scott  county  the  stone  runs  in 
even  parallel  courses,  whose  thickness  depends  largely  upon 
weathering.  Layers  from  eight  to  twelve  inches  are  the  most 
common  and  blocks  can  be  taken  out  of  almost  any  dimensions. 
The  Anamosa  beds  are  generally  laminated,  but  grade  down- 
ward insensibly  into  the  LeClaire  by  the  lamination  planes  be- 
coming obscure,  and  the  stone  becoming  sub-crystalline.  By 
another  type  of  lithological  variation  the  rock  becomes  hard 
and  compact  with  a  sub-conchoidal  fracture,  resembling  the 
lithographic  phase  of  the  Devonian.  These  layers  are  often 
termed  ** flint''  by  the  quarrymen,  although  destitute  of  silica. 

Outcrops  of  both  the  LeClaire  and  Anamosa  are  generally 
distributed  along  all  of  th-e  principal  waterways.  Numerous 
quarries  have  been  opened,  but  with  a  few  exceptions  they  are  of 
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local  importance  only.  A  few  lypioal  exposures  are  given  below. 
The  LeClaire  beds  are  exposed  and  have  been  quarried  on  sec- 
tions 13,  14,  15,  18  and  22,  Liberty  township,  and  section  5  in 
Cleona  township,  in  the  west  end  of  the  county.  The  beds  range 
from  twelve  to  thirty  feet  in  thickness  and  show  the  usual  Le- 
Claire characteristics.  The  LeClaire  also  occurs  in  section  7, 
AUen  Grove  township,  where  it  has  been  burned  for  lime  for 
more  than  a  half  century,  and  at  a  number  of  points  near  Big 
Bock.  It  occurs  and  has  been  quarried  near  Princeton  and  Le- 
Claire. 

The  Anamosa  beds  have  been  developed  extensively  in  the 
vicinity  of  Princeton  and  LeClaire.  North  of  the  latter  place 
the  LaClaire  Stone  Company  has  opened  and  is  operating  the 
largest  quarry  in  the  county.  The  quarry  is  connected  with  the 
Iowa  and  Illinois  railway. 

The  beds  exposed  are  as  f ollowe : 

LECLAIRE  SECTION. 

PBBT. 

8.    Loess  and  drift,  thickness  variable 0-10 

7.    Limestone,  buff,    dolomitic,   much  weathered,    thinly 

bedded  and  often  almost  clayey  in  appearance 10-30 

6.  Dolomite,  cavemoas,  most  vesicular  layer  in  the  quarry, 
hard  and  brittle,  sub-crystalline;  some  of  the  cavities 
contain  crjrstals 5-6 

6.    Dolomite,  thinly  bedded  and  much  weathered  in  places; 

often  hard  and  brittle  and  bluish  when  fresh 4 

4.  Dolomite,  heavy  bedded,  somewhat  vesicular  and  ir- 
regularly indurated 2 

Spring  line  here. 

3.  Dolomite  in  remarkably  even  beds  and  very  soft  when 
first  quarried.  The  best  dimension  stone  in  the  quarry; 
in  six  layers 6 

2.    Dolomite,  in  heavy  beds,  upper  portion  shows  a  tendency 

to  split  irregularly;  brittle 6 

1.     Dolomite,  thinly-bedded,  cavernous  in  places,  exposed  4 

The  quarry  is  equipped  with  steam  drills  and  derricks  and  an 
Austin  crasher  plant.  The  stone  is  carried  from  quarry  to  oars 
and  crusher  by  means  of  derricks  and  very  little  trackage  is 
required.  Three  sizes  of  crushed  stone,  in  addition  to  the  dust, 
are  put  upon  the  market.  The  quarry  also  -supplies  rubble  and 
riprap  and  all  sorts  of  dimension  stone. 
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The  AnamoBa  beds  here  dip  toward  the  northwest  at  a  low 
angle. 

Other  quarries  have  been  opened  near  LeClaire  but  show  no 
new  features.  The  beds  developed  are  nsually  less  regular  than 
those  just  described.  Of  the  large  number  of  quarries  which 
have  been  worked  from  time  to  time  in  the  vicinity  of  Princeton, 
only  one  is  given  here.  Several  quarries  have  been  opened  at 
the  base  of  the  high  blulTs  which  skirt  the  valley  of  the  Wap- 
sipinico^,  northwest  of.  the  town  of  Princeton ;  one  of  the  most 
extensive  is  located  on  the  northwest  quarter  of  section  34, 
Princeton  township.    The  succession  of  beds  is  as  follows : 

FBBT. 

5.     Superficial  deposits  resting  on  unpitted  rock  surface 2 

4.  Limestone  in  thin  layers,  mostly  from  2  to  4  inches  thick,  a  few 
reaching  8  inches,  and  some  -consisting  of  thin  calcareous 

plates 12 

3.  Limestone,  close,  granular,  slightly  harder  and  more  brittle 
than  typical  Anamosa  stone,  in  even,  horizontal  courses  from 
6  to  20  and  24  inches  in  thickness,  huff  in  color,  with  few 
cavities  and  smooth  surfaced,  including  a  foot  or  so  of  thinly 

laminated  '^flinty "  limestone 14 

2.     Limestone  in  layers  from  2  inches  to  18  inches,  semi-crystalline      7 
1 .     Limestone  in  thin,  gray,  crystalline,  calcareous  pliites ,,.,    '  b  - 

Beds  intermediate  in  character  between  the  Anamosa  and  Le- 
Claire beds,  supply  an  abundance  of  quarry  stone.  Small  quar- 
ries have  been  opened  in  Liberty,  Cleona,  Butler,  LeClaire  and 
Pleasant  Valley  townships. 

These  intermediate  beds  are  buff,  non-laminated,  regular  and 
heavy.  They  are  generally  highly  vesicular,  and  often  sub- 
crystalline.  A  representative  section  may  be  seen  in  a  small 
quarry  on  the  northeast  quarter  of  section  1,  in  Liberty  town- 
ship. Natural  ledges,  aggregating  twenty  or  thirty  feet,  appear 
along  the  gorge  of  the  Wapsipinicon  and  show  an  earthy  dolo- 
mite in  massive  beds  up  to  three  feet  or  more  in  thickness.  The 
stone  is  non-laminated  and  is  sub-crystalline  in  places.  The 
bedding  planes  are  rough  and  cavities  of  considerable  size  are 
present.  Li  Cleona  township  a  quarry  located  on  the  northwest 
quarter  of  section  7  shows  the  following  succession : 
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FBBT. 

4.  Limestone,  magneBian,  horizontally  bedded,  brown,  semi- 
crystalline,  weathering  into  small  chipstone,  with  one  or  two 
6-inch  layers  more  resistant 9 

3.  Limestone,  magnesian,  light  gray,  laminated,  earthy,  in  places 
vesicular,  more  thinly  bedded  than  above,  passing  in  places 
into  thin  beds.  This  includes  a  distinct  layer  of  buff  mag- 
nesian limestone  1  foot  thick 6 

2.     Limestone,  magnesian,  gray,  irregularly  bedded,  thin  layered, 

weathering  to  small,  sharp  angled  chipstones 6 

1.     Limestone,   magnesian,   brown,  earthy,^ ocherous,  in   thicker 

beds  than  above,  partly  cemented 3 

Similar  but  less  extensive  sections  may  be  viewed  at  numerous 
points  in  the  northeastern  townships. 

WINNESHIEK  COUNTY. 

Several  small  outliers  of  the  Niagara  limestone  appear  in 
Washington  township  and  are  believed  to  be  the  northernmost 
outcrops  of  thait  formation  in  the  state.  The  stone  commonly 
representing  the  Niagara  here  is  a  yellow-buff,  dolomitic  lime- 
stone. Some  of  the  layers  exposed  in  an  old  quarry  west  of 
Festina  comprise  a  hard,  buff,  sub-crystalline  dolomite  com- 
parable with  typical  Niagara  dolomites  exposed  farther  south. 
The  beds  are  of  small  importance  and  have  been  but  little  de- 
veloped in  Winneshiek  county. 

The  Devonian. 

The  Devonian  as  developed  in  Iowa  comprises  a  rather  diver- 
sified assemblage  of  limestones  and  shales.  The  latter  are  of 
interest  as  a  quarry  product  only  so  far  as  they  are  suitable 
for  the  manufacture  of  Portland  cemwit.  The  limestones  vary 
greatly  in  composition,  texture,  state  of  induration,  thickness 
of  beds  and  weathering  qualities.  They  range  in  composition 
from  a  pure  calcium  carbonate  as  in  the  white,  compact,  brittle 
limestones,  developed  in  Cerro  Gordo  and  Mitchell  counties,  to 
typical  granular  dolomites,  and  argillaceous  limestones.  They 
range  texturally  from  rather  coarse  sub-crystalline  limestones 
and  dolomites  to  compact  lithographic  stone.  The  range  in 
state  of  induration  is  equally  pronounced,  from  hard  limestone 
which  gives  a  metallic  sound  when  struck  with  the  hammer  to 
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soft,  earthy  limestone.  In  certain  horizons  the  beds  are  thin 
and  flaggy  while  in  the  ** State  Quarry*'  type,  the  beds  attain 
thicknesses  of  five  or  six  feet.  The  beds  in  the  so-called  Fayette 
sub-stage  are  much  broken  or  crushed  and  are  practically  worth- 
less for  coursing  stone.  AU  of  the  divisions  of  the  Devonian 
furnish  some  quarry  stone,  though  the  most  important  horizons 
are  found  in  the  Wapsipinicon,  Cedar  Valley  and  State  Quarry 
stages.  In  all  three  of  these  stages,  deposits  ranging  from  hard, 
brittle  limestones  to  dolomites  prevail  and  afford  excellent  ma- 
terial for  crushed  stone  purposes. 

The  Devonian  beds  occupy  a  belt  varying  from  twenty-five  to 
seventy-five  miles  in  width  and  extending  across  the  state  in  a 
northwest-southeast  direction.  The  belt  is  included  between 
Worth  to  Hbward  counties  on  the  north  and  Muscatine  and  Scott 
on  the  south.  The  most  important  quarries  belonging  to  the 
Wapsipinicon  stage  occur  in  the  southern  portion  of  the  area; 
the  Cedar  Valley  stage  is  quarried  throughout,  but  perhaps 
most  extensively  in  the  northern  portion  while  the  State  Quarry 
stage  is  limited  to  Johnson  county.  Detailed  descriptions  follow 
by  counties. 

BENTON  COUNTY. 

All  of  the  outcrops  of  indurated  rocks  in  the  county  belong 
to  the  Devonian.  All  of  the  important  sectione  are  found  in  the 
northeast  third  of  the  county,  along  the  Cedar  river  and  its 
immediate  tributaries.  The  best  quarry  rock  belongs  to  the 
Coggan  beds  which  are  at  the  base  of  the  Devonian  series  as 
exposed  in  Benton  county.  (}ood  exposures  of  these  beds  are 
practically  limited  to  Cedar,  Harrison  and  Taylor  townships 
where  they  have  been  exploited  at  a  number  of  points.  The  rock 
is  essentially  a  highly  magnesian  limestone,  very  hard  and  fine- 
grained and  yellowish  in  color,  imperfectly  bedded  and  non- 
fossiliferous.  These  dolomitic  beds  outcrop  low  in  the  bluffs 
and  are  overlain  by  brecciated  limestone  belonging  to  the  Fay- 
ette sub-stage.  Near  the  southwest  comer  of  section  31,  Harri- 
son township,  a  representative  exposure  may  be  seen.  The 
quarry  operated  by  Aungst  Brothers  is  in  the  west  bluff  of  the 
Cedar  river  and  shows  the  following  beds  below  the  drift: 
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FIBT. 

2.  Limeetone,   brecciated,   gray;   the  angular  fragments  usually 

small  and  very  fine-grained  in  texture,  non-fossiliferous 20 

1.  Limestone,    buff,    magnesian,    massive   ledge   which  is  fine- 

grained, imperfectly  separated  into  layers  one  to  two  feet  in 

thickness,  non-fossiliferous .  v . . . .  ^ 12 

i 

Similar  exposures  are  to  be  found  in  section  36,  Cedar  town- 
ship, and  section  6,  Taylor  township.  The  beds  have  been  quar- 
ried at  both  places.  The  brecciated  beds  have  been  developed  at 
several  poii^ts  in  addition  to  those  just  mentioned,  notably  on  the 
south  bank  of  Prairie  creek,  near  the  northeast  corner  of  section 
10,  Taylor  township,  where  the  following  succession  of  beds  may 
be  studied: 

FEET. 

6.     Soil  and  drift  of  variable  thickness 

5.     Limestone,   shattered,   light  gray,  fragments  irregular  in  size 

and  shape 8 

4.     Talus  slope : 12 

3.  Limestone,   light  gray,   in  broken  layers  fropi  three  to  six  or 

seven  inches  in  thickness li 

2.  Limestone,   gray,   made  up  of  imperfect  layers  two  to  eight 

inches  in  thickness 4 

1.  Limestone,  light  gray,  a  rather  massive  bed  which  is  cut  by 
numerous  oblique  joints  into  rhomboidal  blocks,  some  of 
which  are  slickensided;  material  weathers  readily  into  small, 
irregular  fragments 8 

^oine  years  ago  the  above  quarry  was  operated  by  the  Iowa 
Paint  Company  of  Vinton.  Number  1  was  pulverized  and  used 
as  a  basis  in  the  manufacture  of  paint.  The  company  has  since 
moved  its  plant  to  Fort  Dodge,  Iowa.  In  Benton  county,  as 
elsewhere,  the  brecciated  stone  is  imperfectly  bedded  and  only 
rough,  irregular  blocks  can  be  obtained.  It  is  suitable  only  for 
rough  masonry  and  crushed  stone  purposes.  At  the  present  time 
there  is  not  a  single  crusher  in  the  county  and  as  a  consequence, 
the  brecciated  beds  are  not  in  demand. 

A  large  percentage  of  the  stone  produced  in  the  county  comes 
from  the  beds  of  the  Cedar  Valley  stage.  While  the  grade  of 
stone  furnished  by  these  beds  is  not  equal  to  the  stone  lower  in 
the  series  it  is  suitable  for  foundations  for  ordinary  buildings, 
for  walling  up  dug  wells  and  for  retaining  walls.  The  stone 
has  been  used  to  some  extent  for  bridge  work  with  fair  results. 
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la  coral  rseland  tbe  xoae  ol  Acervularia  praftinda. 

Near  the  county  line  a  quarry  has  been  opened  a  short  distance 
below  the  bridge  and  near  the  northwest  comer  of  seetion  6, 
Harrison  township.    The  layers  exposed  are  as  follows: 

Dark  colored,  fine-grained,  pebblelesa  boU 1 

Bed  of  reddish  brown  clay,  containing  numerons  pebbleB  of 
qnartz  and-greKnatooe  with  occasional  granite  bowlders  of 
larger  size 2 

Layer  of  much  decayed  fragments  of  brown  limestone;  witii- 
oDt  fossils 3 

Bed  composed  of  two  layers  of  yellow,  earthy  limestone,  each 
about  eight  inches  in  thickness,  fine-grained  and  without 
fossils H 

Bed  of  gray  limestone  which  weathers  into  thin  layers  aboat 
one  inch  in  thickness;  without  fossils 3 

Layer  of  very  hard,  earthy  limestone,  yellow  in  color  and  fine- 
grained in  texture;  fossils  wanting | 

Bed  made  up  of  layers  of  buff,  earthy  Umsfltone  two  to  six 
inches  in  thickness,  which  aie  fine-grained  in  texture  and 
non-foesiliferous 31 
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FBBT. 

5.  Layer  of  yellow,  impure  limeBtone  which  weathers  into  indis- 

tinct layers  three  to  six  inches  in  thickness;  without  fossils       li 

4.    Layer  similar  to  number  5  above 2 

3.  Yellowish  brown  layer  of  fine-grained,  impure  limestone; 
carrying  occasional  concretions  of  chert  which  are  most 

numerous  adjacent  to  the  division  planes 2i 

2.  Layer  of  variable,  impure  limestone,  fine-grained  and  very 
hard.  Near  the  base  of  this  layer  chert  nodules  are  abun- 
dant         2 

1.  Bed  made  up  of  two  layers  of  buff,  earthy  limestone  in  which, 
at  irregular  intervals,  occur  bands  and  numerous  masses 
of  chert;  without  fossils;  to  base  of  the  exposure  which  is 
about  four  feet  above  the  level  of  the  water 4 

The  layers  in  this  quarry  are  cut  by  numerous,  oblique  joints 
which  divide  the  ledge  into  large  rhombic  masses.  The  material 
of  which  the  beds  are  composed  is  mostly  a  fine-grained,  earthy 
limestone.  Many  of  the  layers  are  strongly  magnesian,  and 
some  of  them  are  so  thoroughly  dolomitic  that  they  respond  but 
slightly  to  the  application  of  cold  hydrochloric  acid.  The  en- 
tire ledge  is  regularly  bedded,  and  furnishes  quarry  srtone  of 
convenient  dimensions  and  durable  quality. 

Similar  sections  may  be  seen  down  the  river,  and  quarries 
have  been  opened  at  several  points  on  both  sides  of  the  stream. 
Near  the  northwest  comer  of  section  27,  Taylor  township,  a 
quarry  has  been  opened  in  the  east  bank  of  Mud  creek.  The 
beds  exposed  are  as  follows : 

VINTON  SECTION. 

FBBT. 

10.  Soil,  dark  colored,  fine-grained  and  without  pebbles i 

9.  Gravel  and  sand  stained  a  reddish  brown  color 2 

8.  Limestone,  composed  almost  wholly  of  coral  fragments 5 

7.  Limestone,  hard,  gray,  weathers  into  thin  pieces,  crinoidal...  3 

6.  Limestone,  light  gray,  very  hard,  which  weathers  into  layers 

ranging  from  four  inches  to  a  foot  in  thickness 6 

5.    Limestone,  gray,  very  hard,  composed  largely  of  brachiopod 

fragments H 

4.    Limestone,  similar  to  5,  but  finer  textured li 

3.    Limestone,  drab,  similar  to  number  8,  but  less  compact 1 

2.    Limestone,   white,  fine-grained;  shows  a  bluish  tinge  in   a 

fresh  ledge,  cherty,  much  shattered  and   weathering  into 

thin  layers 2 

1.    Limestone,  very  hard,  cherty  and  crinoidal H 
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The  lower  two  numbers  are  supposed  to  belong  to  the  brec- 
ciated  stage  and  are  equivalent  to  number  1  in  the  old  quarry 
of  the  Iowa  Paint  Company.  In  the  above  section  they  are  hard 
and  the  most  durable  stone  that  the  quarry  produces.  It  is 
used  extensively  in  Vinton.  In  addition  to  the  lower  beds,  num- 
bers 4  to  7  furnish  an  acceptajble  material  for  foundations  and 
the  rougher  grades  of  masonry. 

On  the  south  bank  of  Bear  creek  near  the  middle  line  of 
section  14,  Canton  township,  a  quarry  shows  the  following  beds 
which  may  be  considered  representative  for  this  part  of  the 
county. 

SHELLSBURG  SECTION. 

FBBT. 

9.    Soil,  dark  gray,  without  pebbles  or  bowlders li 

8.  Drift 2 

7.  Limestone,  much  decayed ■. 3 

6.  Limestone,  coralline 2i 

5.  Limestone,  light  gray,  weathers  into  chipstone li 

4.  Limestone,  gray,  hard,  in  places  forms  a  single  ledge,  fossilif- 

erous 4 

3.    Limestone,  dark  gray,  two  ledges  of  about  equal  thickness. . .  3i 

2.    Limestone,  similar  to  3,  but  shelly 1 

1.    Limestone,  in  three  layers 4i 

East  of  north  of  the  Shellsburg  quarry  on  the  Cedar  river, 
Wild  Cat  bluff  presents  an  escarpment  of  more  than  forty  feet 
of  limestone.  Nothing  especially  new  is  developed  however. 

Away  from  the  river,  westward,  quarries  have  been  opened 
on  section  8  in  Cedar  township,  and  section  28  in  Jackson  town- 
ship, near  Garrison.  The  latter  is  the  more  representative  and 
is  given  below. 

GARRISON  SECTION. 

FBBT. 

9.  Soiland  drift 6 

8.  Limestone,  light  gray,  sub-crystalline,  very  hard,  and  some- 

what brecciated,  containing  numerous  spherical  stromato- 
poroids 3 

7.  Limestone,  gray,  massive,  dense,  composed  largely  of  various 

species  of  stromatoporoids  and  masses  of  Idiostroma-like 
stems,  few  of  which  can  be  recognized.  This  bed  is  also 
somewhat  brecciated  in  places 6 

6.  Limestone,  hard,  gray,  weathers  into  two  indistinct  layers, 

and  contains  masses  of  spherical  stromatoporoids 3i 

5.  Limestone,  very  hard,  white,  sub-crystalline;  without  fossils..        li 
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FBBT 

4.  Limestone,  yellowish  gray,  non-fossiliferous,  fine-grained  and 
yery  hard.  The  upper  portion  bears  numerous  small  cav- 
ities, the  largest  of  which  are  nearly  one  inch  in  diameter. .        4 

8.    Limestone,  dense,  gray^  fine-grained  and  very  resistant  to 

weathering;  without  fossils 3i 

2.  Limestone,  composed  of  several  layers,  very  hard,  fine- 
grained, white  in  color  and  without  fossils.  The  layers  are 
six  to  fifteen  inches  in  thickness 5i 

1.    Limestone,  bed  made  up  of  two  layers,  yellowish  brown.  The 

material  is  fine-grained,  and  contains  no  fossils 3i 

The  upper  and  middle  beds  in  the  above  seotion  more  closely 
resemble  the  beds  of  the  Cedar  Valley  stage  as  developed  in 
other  counties,  notably,  Johnson  connty  to  the  south,  and 
Mitchell,  Floyd,  and  Cerro  Gordo,  to  the  north.  While  an  abun- 
dance of  stone  crops  are  available,  and  numerous  quarries  tave 
been  opened  in  times  gone  by,  none  of  the  quarries  now  in  opera- 
tion are  of  more  than  local  importance  as  no  stone  is  exported. 

LIME. 

Lime  has  been  manufactured  at  several  points  in  the  county 
but  at  the  present  time  only  one  kiln  is  operated  and  that  inter- 
mittently. The  magnesian  beds  of  the  Coggan  are  used  and  a 
good  grade  of  lime  is  produced.  The  entire  output  is  consumed 
at  home. 

BJLACK  HAWK  COUNTY. 

With  a  single  exception  all  of  the  indurated  rocks  which  ap- 
pear at  the  surface  in  the  county  may  be  referred  to  the  Cedar 
Valley  stage  of  the  Devonian.  A  very  insignificant  natural  ex- 
posure of  Wapsipinicon  beds,  according  to  Arey,  appears  along 
Spring  creek,  on  the  northwest  quarter  of  section  13  in  Fox  town- 
ship. It  is  of  no  importance  from  an  economic  view  point.  The 
Cedar  Valley  limestone  presents  numerous  outcrops  along  the 
principal  drainage  lines,  and  quarries  have  been  opened  at  many 
points.  None  are  of  large  capacity  and  but  few  are  ambitious 
to  supply  more  than  their  own  immediate  localities.  The  prin- 
cipal quarry  districts  are  in  the  vicinity  of  Cedar  Falls,  Water- 
loo and  Laporte,  while  some  quarries  of  secondary  importance 
near  Raymond,  and  two  quarries  about  l^ree  miles  east  of 
Eagle  post  office  supply  the  country  trade. 
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For  the  Cedar  Falls  district  the  Nielsen  quarry  may  be  taken 
as  a  type.  It  is  located  west  of  Main  street  about  one-eighth 
mile  west  of  the  old  Carpenter  quarry.  The  principal  beds  ex- 
posed are  as  follows : 

FEBT. 

15.     Limestone,  firm,  yellowish,  with  intermingled  '^geest" 3 

14.     Limestone,   lithographic,   somewhat  nodular,  more  or  less 

weathered  and  inconstant 2 

13.     Shale,  yellowish  clay,  with  interbedded  hard  ledges  in  places, 

very  variable  in  thickness,  averaging li 

12.  Limestone  in  three  layers,  finely  laminated,  fine-grained  and 
smooth,  slightly  iron-stained,  6,  2  and  10  inches  respectively 

from  top  down H 

11.  Limestone,  variable,  sometimes  splitting  easily  into  layers, 
sometimes  firm  and  even  textured,  finely  sub-crystalline, 
with  earthy  streaks,  rusty  in  patches,  crystals  in  pockets 
and  calcitic  sheets  intersecting  one  another,  making  pitlike 

areas  along  the  joint  planes,  averaging 1 

10;  Limestone,  fine-grained,  bluish  gray,  with  occasional  patches 
of  crystals,  quarried  in  sheets,  and  used  for  window  and 
door  sills  and  caps,  and  ashlar « t 

9.    Bluish  gray  stone  of  good   quality,  grading  into  a  shaly 

parting  below i 

8.  Limestone,  gray,  finely  brecciated,  with  seams  of  crystals 
below,  upper  part  yellowish,  earthy.  If  quarried  in  cold 
weather,  it  is  reduced  to  fragments  readily,  but,  if  dried 
out  before  freezing,  it  makes  a  durable  stone f 

7.  Limestone,  firm,  fine-grained,  bluish  gray,  with  occasional 
pockets  of  crystals,  in  two  layers.  Makes  an  excellent 
range  stone .    The  lower  layers  yield  fine  large  flags 1 

6.     Limestone,  uniformly  fine-grained,  jdelding  flags -ft 

6.  Limestone,  heavy-bedded,  shelly  on  the  underside,  abound- 
ing in  crystals,  bluish  gray li 

4.     Limestone,  fine-grained,  more  or  less  streaked  or  banded. . .        If 

3.  Limestone,  light  colored,  becoming  still  lighter  in  color 
below,  often  weathers  in  a  remarkable  way,  yet  makes  a 
durable  stone,  when  it  has  been  dried  out li 

2.     Limestone,  yellowish,  full  of  pockets 1 

1.     Soft,  chalky  stone,  exposed.  * 

Numbers  1  and  2  are  no  longer  worked. 

North  and  northwest  of  Cedar  Falls,  there  are  no  important 
rock  exposures.  Limestonie  outcrops  at  numerous  points  on  both 
sides  of  the  Cedar  river  and  doubtless  good  structural  materials 
might  be  developed  at  small  expense  should  the  demand  warrant 
it. 

20 
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North  and  northwest  of  Waterloo,  quarries  have  been  opened 
in  the  well  marked  stone-supported  terrace  which  faces  the  Cedar 
river.  The  most  important  section  may  be  seen  in  the  quarry 
of  the  Waterloo  Stone  Company,  which  is  located  on  the 
northwest  quarter  of  section  14,  township  89  north,  range  XTTT 
west.    The  beds  worked  at  this  point  are  as  follows : 

WATERLOO  STONE  COMPANY'S  QUARRY. 

FBBT. 

8.     Detritus  and  wash 6 

7 .     Limestone,  hard,  dolomitic,  sab-crystalline 1 

6.     Limestone,  weathered,  yellow .- 1 

5.  Limestone,  heavy  bedded,  gray-blae,  cherty  toward  the  top..  12 

4.     Limestone,  blue,  thinly  bedded,  slightly  argillaceous 3 

3.     Limestone,  buff,  concretionary,  with  numerous  cherts.  .• 3 

2.  Limestone,  gray-blue,  sub-crystalline,  cherty,  weathers  buff..  3 

Shale  parting k 

1 .    Limestone,  buff  to  yellow,  exposed 2 

« 

All  of  the  beds  tend  to  weather  into  thin  layers  and  weathered 
surfaces  present  a  decidedly  shattered  appearance.  Nmnber  3 
appears  to  break  down  especially  easily  when  subjected  to  re- 
peated freezings  and  thawings.  The  cherts  are  small  and  more 
or  less  irregularly  distributed  throughout  the  entire  mass.  The 
joints  are  stained  a  brownisfh  yellow  and  all  of  the  quarry  rock 
tends  to  weather  the  same  color  on  long  exposure. 

Two  samples  of  the  rock  from  the  McWilliams-Mowry  quarry 
were  analyzed  and  found  to  be  strongly  magnesian.  The  an- 
alyses were  as  follows : 

1  2 

Insoluble 1.02        

Iron  and  alumina 4.20        

Calcium  carbonate 63.59        

Magnesium  carbonate 30.92  12. 18 

Sulphur Trace        

Number  1.    Blue  unweathered  limestone. 

Number  2.    Yellow  limestone. 

In  Laporte  and  vicinity  a  large  number  of  quarries  have  been 
opened  and  operated  intermittently  for  many  years.  The  prod- 
uct is  sold  and  was  formerly  reported  in  the  mineral  statistics 
as  ^'La  Porte  Sandstone**  on  account  of  its  sugary  or  sub- 
crystalline  character. 
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A  quarry  located  along  the  wagon  road  about  one-half  mile 
norfchwe&t  of  town  will  serve  as  a  type  for  the  district.  The  beds 
exposed  are  given  herewith : 

FBBT. 

4.     Drift  and  soil;  some  of  the  qaarriea  in  the  near  vicinity  show 

a  mnch  thicker  overburden 2+ 

3.     Limestone,  considerably  shattered;  stained  yellow  to  brownish 

yellow;  bedding  planes  disappear  upward 10 

2.    Limestone,  brownish   yellow   to    buff,    irregularly   bedded, 

quartz  geodes  and  chert  nodules  present 2 

I.  Limestone,   gray-blue,  presents  a  granular  appearance;   in 

medium  heavy  beds  ranging  from  15  to  24  inches;  joints 
weathered  a  yellowish  brown,  fossiliferous;  calcite  balls  and 
geodes  common 10 

The  beds  dip  to  the  southwest  at  an  angle  of  about  five  de* 
^ees  and  appear  to  thicken  down  the  dip.  They  appear  to  be 
strongly  magnesian,  especially  the  lower  bed<Sy  which  are  sub- 
cryetalline. 

Quarries  have  been  opened  on  either  fiide  of  the  Eagle-Big 
Creek  township  line  near  the  middle.  The  quarry  west  of  the 
line  is  the  more  extensive  and  is  as  follows  aecordkig  to  Arey : 

EAGLB  TOWNSHIP  QUARRY. 

FBBT. 

13.     Limestone,  thin-bedded,  broken  stone 7 

12.    Limestone,  in  two  layers,  blue  where  un weathered 4i 

II.  Limestone,   in  three  layers,  hard,  compact,  good  quality, 

durable,   brittle,   haying  conchoidal  fracture,  *with  drab 

nodules  of  varying  sises,  and  in  the  upper  part  with  strom- 

atoporoid  masses  thoroughly  coalescent  with  the  rest  of  the 

rook 1  —       6 

10.    Limestone,  bluish,   earthy,  much  jointed  and  irregularly 

bedded 3 

9.    Limestone,  dark,  drab,  calcitic  at  top li 

8.    Limestone,  blue,   buff  where  exposed,  calcite  plentiful,  in 

seven  or  eight  layers If 

7.    Limestone,  drab f 

6.    Limestone,  buff,  earthy,  finely  streaked  with  yellow  lines...        2i 
6.     Shaly  partings  with  very  wavy  lines  of  contact  above  and 

below .' i 

4.    Limestone,   hard,  brittle,  drab,  middle  portion  developing 

layers 31 

3.    Limestone,   blue,   of  good   quality,  firm,  finely  crystalline, 

with  pockets  of  crsrstals,  thickness  not  taken 

2.    Limestone,  gray,  finely  sub-crystalline,  3delding  good  fiags..  i 

1.    Limestone,  gray,   somewhat  crystalline,   fracture   coarsely   « 

conchoidal,  of  good  quality 2i 
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TMs  quarry  and  its  double  east  of  tlie  township  line  supply 
the  southwestern  portion  of  the  county  with  foundaltion  stone. 
Quarries  have  also  been  opened  in  the  vicinity  of  Raymond  in 
section  36,  township  88  north,  range  XII  west.  Their  chief 
interest  comes  from  the  fact  that  this  is  one  of  the  classic  sec- 
tions in  the  correlation  of  Devonian  deposits  in  Iowa  and  not 
on  account  of  its  economic  importance.  The  quarries  have  been 
but  little  worked  for  many  years  and  the  sections  are  much 
obscured. 

UME. 

Black  Hawk,  like  numerous  other  limestone  counties,  produced 
lime  to  supply  its  own  needs  in  its  early  history  when  wood  was 
cheap  and  transportation  facilities  poor.  The  industry  was  never 
of  more  than  local  importance  and  has  long  since  been  aban- 
doned, although  the  sub-crystalline  beds  at  Laporte  and  other 
points  would  undoubtedly  produce  a  good  grade  of  lime. 

BREMER  COUNTY. 

The  Wapsipinicon  and  Cedar  Valley  stages  are  well  repre- 
sented in  Bremer  county.  Beds  of  the  latter  age  are  supposed 
to  occur  immediately  beneath  the  drift  over  more  than  five- 
sixiths  of  the  county,  while  known  outcrops  of  the  former  are 
limited  to  points  along  the  Cedar  river  from  Janesville  to  Wav- 
erly,  and  along  Quarter  Section  run  and  Baskin  creek  southeast 
of  Waverly.  The  best  section  available  appears  in  the  southeast 
quarter  of  the  southwest  quarter  of  section  20,  township  91 
north,  range  Xm  west.    The  beds  exposed  are  as  follows: 


6.  Limestone,  maaeive,  in  one  undivided  layer  weathering  to 
scoriaceous  surface  in  places  and  in  other  places  to  smooth 
surface.  Color  mottled,  prevailingly  a  light  brownish  drab, 
weathering  to  lighter  gray,  slightly  vesicular,  fracture  un- 
even         4 

5.     Limestone  of  same  facies  as  above  in  layers  of  about  eight 

inches 2 

4.    Concealed 15 

3.  Limestone  similiar  to  Nos.  6  and  6,  but  in  separable  laminse  1 
2.  Cherty  sandstone;  in  layers  from  four  to  six  inches  thick, 
chert  fragments  angular,  small,  those  of  an  inch  and  one- 
half  being  rare,  sand  fine,  of  moderately  well  rounded 
grains  of  clear  quartz  and  of  minute,  .angular  grains  of 
oryptocr3rstalline  silica,   cement  calcareous.     Not  seen  in 

place  but  scattered  in  slabs  over  a  slope  of 5 

1.    Niagara  limestone,  exposed  a  few  rods  down  stream 8 
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The  limeartones  are  essentially  pure  as  evidenced  by  the  an- 
alysis given  herewith : 

Silica  (SiO.) .' 71 

Ferric  oxide  (FciOa)  \  ^o 

Alumina         (Al.Oa)  / ^ 

Calcium  carbonate  (CaCOs) 96.57 

Magnesium  carbonate  ( MgCOs) 1 .80 

Combined  water  (HiO) 51 

100.05 

The  Wapsipinioon  beds  are  not  worked  to  any  noteworthy 
extent  at  the  presemt  time.  The  Cedar  Valley  on  the  other  hand 
is  being  or  has  recently  been  quarried  at  four  leading  localities, 
Janesville,  Waverly,  Frederika  and  along  the  Cedar  river  north 
of  Plainfield.  With  a  single  exception  the*  individual  quarry 
output  is  small.  The  sections  given  below  will  afford  a  fair  idea 
of  the  potential  wealth  of  the  county  in  structural  materials. 
The  beds  developed  in  Mores'  quarry  located  on  the  left  bank 
of  the  Cedar  in  the  town  of  Waverly  are  as  follows : 

MORES'  QUARRY  SECTION,  WAVERLY. 

PBBT. 

3.  Limestone,  yellow,  fine-grained,  non-fossiliferous  bo  far  as 
observed,  heavily  bedded,  crossed  with  close  diagonal  joints 
containing  numerous  geodic  cavities  up  to  six  inches  in 
diameter  lined  with  dog-tooth  spar,  and  concretionary  balls 
marked  with  reddish  concentric  ferruginous  stains 10 

2.  Limestone,  yellow,  argillaceous,  weathering  above  to  calca- 
reous plates  one-half  inch  and  upwards  in  thickness;  below 
more  massive,  weathering  to  irregular  chipstone,  geodifer- 
ous,  sparingly  fossiliferous 8 

1.    Limestone,  yellow,  hard,  tough  layers  up  to  four  feet  thick, 

fossiliferous;  to  flood  plain  of  river 10 

Extensive  cuts  along  the  Chicago  Great  Western  railway  one- 
half  mile  eas<t  of  the  station,  show  a  yellow,  profoundly  decayed 
limestone.  Underneath  is  a  soft,  buff,  missive  limestone  con- 
taining numerous  geodes.  It  is  strongly  dolomitic  as  indicated 
by  the  following  analysis : 

Silica  (SiO.) 9.07 

Alumina  (Al.O.) 2.16 

Ferric  oxide  (FeaOa) 1.21 

Calcium  carbonate  (CaCOs) 51.64 

Magnesium  carbonate  (MgCO;i) 34.99 

Combined  water 64 

Moisture 29 

100.00 
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The  most  important  producer  of  quarry  products  is  the  Cedar 
River  Stone  Company,  whose  plant  is  located  on  the  Cedar 
river  one  and  one-half  miles  southeast  of  Waverly  and  is  con- 
nected with  the  Chicago  Great  Western  railway  by  a  short  spur. 
The  quarry  pit  and  hillside  show  the  following  beds : 

FBBT. 

5.     Stripping,  limestone,  light  gray,  soft,  broken  by  the  weather 

into  layers  from  2  to  4  inches  thick,  fossils  rare 9 

4.  Limestone,  dense,  hard,  tough,  yellow-gray,  lowest  layers 
about  3  inches  thick,  divided  by  diagonal  joints  and  bedding 
planes  into  rhombic  blocks  1  to  4  feet  in  diameter. 
Occasional  geodic  cavities   an  inch  or  so  in  diameter  lined 

with  drusy  calcite  are  present;  fossiliferous 25 

3 .     Concealed 12 

2.     Breccia  of  Wapsipinicon  stage,  hard  and  dense 5 

1 .     Concealed  to  water's  edge 3 

The  quarry  has  been  developed  to  a  depth  of  about  thirty 
feet.  The  stone  presents  a  clean,  sub-conchoidal  fracture,  is 
almost  impervious  and  carries  but  little  clay.  It  is  considerably 
fissured,  the  openings  are  often  large  and  filled  with  a  clay  of 
putty-like  consistency  of  gray  to  gray-blue  color  when  freshly 
exposed  but  iron-stained  where  weathered.  The  quarry  drains 
directly  into  the  rivoF.  At  present  there  is  but  little  stripping, 
the  removal  of  which  is  done  by  hand.  The  quarry  is  ideally 
located  for  the  installation  of  a  hydraulic  plant  for  removing 
the  overburden. 

Practically  the  entire  product  of  the  quarry  is  crushed  stone 
of  excellent  quality.  An  elaborate  system  of  tracks  connects 
the  different  parts  of  the  quarry  to  the  foot  of  the  incline  lead- 
ing to  the  crusher.  The  stone  is  loaded  into  side  dump  cars  of 
about  one  and  one-half  yards  capacity,  and  these  are  trammed 
by  hand  to  the  foot  of  the  incline  where  they  are  raised  to  the 
floor  of  the  crushers  by  an  Austin  friction  hoii^.  The  rough 
quarry  stone  is. dropped  directly  into  the  hopper  of  a  number 
7y2  Austin  gyratory  crusher.  The  crushed  stone  is  hoisted  and 
delivered  to  a  cylindrical  screen  where  it  is  separated  into  dust, 
middlings  and  large,  the  oversize  returning  to  a  number  5  Aus- 
tin crusher  for  further  reduction,  after  which  it  is  discharged 
directly  into  the  crushed  product  from  the  large  crusher.  The 
plant  is  supplied  with  ample  storage  bins  and  side  tracks.    Bail- 
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way  track  scales  are  installed  below  the  chutes  leading  from 
storage  bins.  Power  is  supplied  by  a  dismounted  railway  loco- 
motive boiler  and  a  125  horse  power,  slide  valve  engine.  The 
power  is  transmitted  by  a  single  line  shaft  and  comparatively 
short  belts.  The  entire  equipment  is  well  housed  and  the  plant 
is  one  of  the  largest  and  most  up-to^ate  plants  in  the  state. 

North  of  Waverly  the  limestone  outcrops  at  numerous  points 
on  both  sides  of  the  river  to  the  north  county  line.  On  the 
southwest  quarter  of  section  16  in  Lafayette  township  the  fol- 
lowing beds  may  be  made  out : 

'  FBET. 

3.     Limestone,  light  brown,  weathering  to  drab,  hard,  ringing, 

unfossiiiferous,  laminated  to  plates  one-half  inch  thick 8 

2.     Limestone,  magnesian,  soft,  buff 10 

1 .     Unexposed  to  flood  plain  of  river 6 

North  of  Plainfield,  several  small  quarries  have  been  opened. 
Seven  feet  of  buff,  compact,  magnesian  limestone,  in  layers  from 
six  to  ten  inches  thick,  and  containing  irregular  concretions, 
have  been  quarried.  The  beds  are  thin  and  argillaceous  for  a 
few  inches  at  the  top.  An  analysis  has  been  made  of  the  rock 
quarried  in  section  8,  with  the  following  results : 

Silica  (SiOa ) 3.28 

Ferric  oxide  (FeaOa) 1.61 

Alumina  ( Al  gOa ) 51 

Calcium  carbonate  (CaCOa) 55.23 

Magnesium  carbonate  (MgCOs) 39.03 

Combined  water 23 

Hygroscopic  water 16 

100.05 

East  of  the  Cedar  river  and  immediate  vicinity  the  country 
rock  is  deeply  covered  with  drift,  and  the  only  exposures  of  the 
indurated  beds  are  in  the  immediate  neighborhood  of  Frederika 
along  the  Wapsipinicon  river,  and  a  limited  outcrop  of  Niagara 
limestone  west  of  Tripoli. 

M  Frederika  the  drift  covering  is  comparatively  thin  and 
the  limestone  bears,  evidence  of  considerable  superficial  weather- 
ing in  the  enlarged  joints  and  limestone  residuum.  The  Brodie 
quarry  facing  the  Wapsipinicon  is  a  fair  average  for  the  dis- 
trict.   The  following  beds  may  be  observed : 
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FEET. 

3.  Limestone,  yellow,  shattered  by  the  weather  to  coarse  rhom- 
bic chipstone 9 

2.  Limestone,  hard,  yellow,  magnesian,  in  heavy  courses  up  to 

three  feet  thick,  not  laminated;  bedding  planes  quite  even 
and  regular,  geodes  up  to  six  and  eight  inches  in  diameter 

not  uncommon 6 

1.  Limestone,  bluish  weathering  to  buff;  hard,  ringing,  sub-con- 
choidal  fracture,  in  two  layers,  the  lower  being  one  foot 
and  the  upper  two  feet  thick.     Sparingly  fossiliferous 3 

LIME. 

Lime  is  produced  in  a  small  way  at  Frederika.  The  buff  mag- 
nesian  limestone  of  the  Cedar  Valley  stage  as  developed  in  the 
Brodie  quarry  is  used.  A  small,  wood  burning  pot  kiln  is  em- 
ployed, and  a  good  grade  of  lime  is  produced.  Lime  has  also 
been  produced  northeas^t  of  Waverly  and  north  of  Plainfield. 
At  the  former  place  the  Niagara  limestone  was  used  and  an  ex- 
cellent grade  of  lime  produced.  The  kilns  are  no  longer  in 
operation  at  these  places. 

BUCHANAN   COUNTY. 

Beds  belonging  to  the  Devonian  are  found  immediately  be- 
neath the  mantle  of  drift  over  about  two-thirds  of  the  superfic- 
ial area  of  the  county.  The  remaining  one-third  is  occupied 
by  the  Niagara  in  the  form  of  a  triangle  in  the  northeast  corner. 
The  lowest  Devonian  beds  which  afford  any  quarry  products, 
are  represented  by  a  rather  soft,  imperfectly  bedded  limestone, 
which,  as  a  rule,  yields  readily  to  weathering  influences.  It  is 
very  much  shattered  and  jointed,  and  has  been  referred  to  the 
Wapsipinicon  stage  of  Norton.  A  number  of  small  quarries 
have  been  opened  in  the  beds  in  the  vicinity  of  Independence. 
Along  Pine  creek  in  Liberty  township,  and  on  sections  33  and 
34  in  Newton  township,  the  equivalent  beds  are  harder  and  gener- 
ally better  in  quality.  An  average  section  for  Independence 
is  taken  from  a  quarry  located  in  the  eastern  edge  of  town  and 
is  as  follows: 

FEET. 

3.  Limestone,  yellowish,  rather  hard,  rings  when  struck  with  the 

hammer,  in  rather  thin  layers,  and  containing  numerous 
corals,  among  which  Cystiphyllum  americanum  and  Acer- 
vularia  profunda  are  the  most  characteristic  species 4 
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Limestone,  the  Spirifer  p*nnaiui>  beds,  showing  the  usual 
aaaemblage  of  toaeW  species,  not  definitely  bedded,  but  inter- 
sected by  a  great  number  of  joints'  The  phenomenon  of 
"slick  en  Bidet"  ie  developed  on  the  joint  faces  on  an  ex- 
tensive scale 

Limestone,  the  barren  beds,  litho  logic  ally  like  the  S.  pennatus 
beds  above 


No.  3  of  this  section  is  the  lowest  member  of  the  Cedar  Valley 
stage  of  the  Iowa  Devonian. 

Similar  sections  may  be  observed  along  Pine  creek  and  the 
Wapsipinicon  in  Liberty  township.  Also  along  Dry  creek  in 
Newton  township. 

The  most  important  quarries  have  been  opened  in  the  Cedar 
Valley  limestone.  The  stone  is  harder,  resists  weathering  in- 
fluences better  and  occurs  in  more  regular  beds  than  the  Wap- 
sipinicon. These  beds  have  been  developed  at  Fairbank,  near 
Littleton,  Jesup,  and  Brandon,  and  near  Quasqneton,  where  a 
small  outlier  of  the  Cedar  Valley  occurs  some  miles  from  the 
main  body.  The  beds  quarried  are  about  the  same  at  all  of 
these  places. 
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At  Fairbank  a  quarry  in  the  west  side  of  the  river  shows  the 
following  beds : 

*  FBBT. 

5.  Very  dark  brown  residual  clay  or  geeet;  a  few  jnches  to 1 

4.  Limestone,  in  thin  layers 4 

3 .  Limestone,  fossiliferous w . . .        1 

2.  Limestone,  yellowish,  soft,  evenly  bedded,  in  layers  ranging 

up  to  six  or  eight  inches  in  thickness 5 

1.  Limestone,  heavy  beds,  not  fossiliferous,  exposed  at  base  of 

quarry 2-3 

Farther  south  more  extensive  sections  are  shown.  At  Little- 
ton extensive  natural  sections  aggregating  seventy  feet,  may 
be  seen  both  above  and  below  the  dam.  Here  is  one  of  the  classic 
sections  in  the  county,  but  it  is  of  little  economic  importance. 
Only  the  uppermost  beds  have  been  quarried,  two  small  quar- 
ries haying  been  opened  north  and  northwest  of  town  on  top 
of  the  bluflFs.  The  beds  worked  consist  of  a  yellow,  earthy  lime- 
stone, occurring  in  even  layers  varying  from  two  to  eight  inches 
in  thickness.    Nearly  twenty  feet  is  exposed  in  the  quarry  face. 

At  Jesup  there  are  two  quarries,  one  on  each  side  of  the  cor- 
rection line  road,  one-half  mile  southeast  of  town.  The  north 
quarry  shows  the  following  section: 

JESUP  SECTION. 

FEET. 

6.  Black  loam 1-2 

5.  Limestone,   yellow,    broken  and  decayed,  more  or  less  dis- 

turbed       2-3 

4.  Limestone,   yellowish,   not  very   fossiliferous,  affords  some 

good  quarry  stone 5 

3.  Limestone,  soft,  easily  affected  by  the  weather 2 

2.  Limestone  containing   numerous  stromatoporoids   and  true 

corals.     Some  fair  building  stone 6 

1 .     Limestone,  fissile,  with  few  fossils 3 

The  strata  dip  slightly  toward  the  east  and  are  somewhat 
contorted.  At  the  quarry  south  of  the  road  the  upper  beds  are 
worked  and  dip  slightly  to  the  south.  The  beds  quarried  at 
Quasqueton  are  very  similar  to  those  exposed  at  this  point. 

Several  small  quarries  have  been  opened  along  Lime  creek 
in  the  vicinity  of  Brandon  and  for  several  miles  to  the  northeast. 
Just  south  of  Brandon  near  the  north  line  of  section  34  the 
following  section  is  exposed: 
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BRANDON  SECTION. 

FBBT. 

4.     Limestone,  soft,  grading  up  into  yellow  shale,  which  carries 

silicified  brachiopod  individuals 8 

3.     Coral   reef   consisting   of   Acervularia,    Favosites,    Ptycho- 

phyllum  and  other  corals 1 

2.     Limestone,  evenly  bedded ,  with  few  fossils  or  none 4 

1 .  Limestone,  regularly  bedded,  and  capable  of  being  quarried, 
in  layers  from  two  to  6  inches  in  thickness,  the  thinner  beds 
serving  well  as  flagging 4 

WMle  the  Devonian  is  capable  of  supplying  an  indefinite 
amount  of  fairly  good  structural  material,  but  little  quarrying 
has  been  done,  and  that  for  local  use  only. 

LIME. 

Formerly  lime  was  produced  at  several  points;  notably  at 
Independence  and  Quasqueton  from  the  Devonian  limestone  and 
in  section  19  of  Madison  township,  where  the  Niagara  limestone 
was  UBed.   No  lime  was  produced  during  1906. 

BUTLER  COUNTY. 

The  Devonian  is  believed  to  immediately  underlie  the  drift 
over  nearly,  if  not  all  of  the  county.  Stone  crops  appear  along 
the  principal  streams  at  numerous  points,  especially  along  Shell 
Eock  river  and  its  immediate  tributaries.  Outcrops  may  be  no- 
ticed  along  the  Illinois  Central  between  Ackley  and  Austinville ; 
along  the  Northwestern  between  Kesley  and  Dumont ;  along  the 
Great  Western  between  Dumont  and  Bristow,  and  from  near 
Clarksville  to  Shell  Rock  and  beyond. 

Between  Dumont  and  Bristow  some  quarrying  haS:  been  done. 
The  stone  may  be  seen  in  street  crossings  and  foundations  in 
both  Dumont  and  Bristow.  The  beds  range  from  six  to  ten 
inches  in  thickness  and  can  be  taken  out  in  almost  any  length 
and  width.  All  of  the  ^tone  is  hard  and  compact  and  splendidly 
adapted  to  crushed  stone  purposes.  The  quarries  are  not  in 
operation  at  present. 

Along  the  Shell  Bock  river  small  openings  appear  in  the  bluff 
on  the  east  side  of  the  river  and  a  small  quarry  is  being  oper- 
ated about  three  and  one-half  miles  northwe&rt;  of  Clarksville. 
The  section  exposed  in  the  pit  is  as  follows : 
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Soil  Knd  drift  of  variable  thick nesa 1-3 

Limestone,  yellow  to  brown,  magneaian  to  dolomitic,  in  thin 

latere,  evenly,  bedded 8 

Limestone,  white  to  gray,  hard,  brittle,  evenly  bedded,  com- 
pact to  lithographic;  certain  of  the  layers  show  fosaila  in 
weathered  surfaces  but  these  are  (Irmly  bedded  and  do  not 
show  in  fresh  fractures,  exposed 7 


Fio.  S—Schrattar  ausrry,  Clarkivllle,  Bntlar  connty,  Iowa,  ahowlns  the  llaur,  Utho- 
grapiilc  taelM  at  tbe  C«dar  vaiier- 

The  bede  exposed  here  are  very  similar  to  those  which  are 
exposed  at  Marble  Rock  in  Floyd  county  and  correspond  to  the 
two  lower  members  in  the  section  at  that  place.  Equivalent 
beds  are,  however,  somewhat  thinner  and  the  shaly  partings  are 
rather  more  pronounced,  perhaps  due  to  more  advanced  weather- 
ing. The  brecoiated  layer  near  the  top  of  the  white  limestone 
is  equally  as  prominent  as  in  tite  Marble  Bock  seotion.  A  sim- 
ilar sequence  may  be  made  out  in  the  openings  near  Qreene. 
Small  quarries  have  been  opened  near  Shell  Bock.  Both  white 
limestone  and  (he  dolomitio  layers  have  been  used  quite  gener- 
ally throughout  the  eastern  portion  of  the  county  for  foundation 
purposes  and  formerly  for  the  walls  of  some  of  the  less  im- 
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portant  buildings.  Both,  when  properly  selected,  give  good 
service  and  appear  to  be  fairly  durable. 

The  limestone  has  also  been  used  for  flagging;  blocks  six  to 
ten  inches  in  thickness  and  of  almost  any  dimensions  in  length 
and  breadth  can  be  obtained  quite  readily.  The  white  lime- 
stone throughout  is  very  hard  and  compact  and  admirably 
adapted  for  crushed  stone  purposes.  The  stone  can  be  obtained 
at  several  places  without  much  stripping  but  as  yet  the  industry 
can  scarcely  be  said  to  have  been  started. 

Lime  in  small  amount  was  produced  formerly  at  several 
places  but  no  lime  has  been  burned  for  many  years. 

CEDAR  COUNTY. 

t 

Beds  of  Devonian  age  cover  a  large  triangular  area  over  the 
southwest  fourth  of  the  county  and  numerous  outcrops  are  to  be 
seen  along  the  Cedar  river  and  its  more  important  tributaries, 
Rock  and  Sugar  creeks,  often  showing  the  Niagara  beds  below. 
Notwithstanding  the  availability  and  large  areal  distribution 
of  these  beds  they  are  over-shadowed  in  importance  by  the 
.Niagara  and  are  of  local  importance  only.  The  only  producers 
are  small  quarries  on  the  west  bank  of  the  Cedar  in  Iowa  town- 
ship  near  the  Muscatine  county  line.  The  quarry  section  is 
given  below. 

FBBT. 

4.    Limestone,  hard,  compact,  gray  and  buff,  mottled,  in  layers 

from  2  to  4  inches  thick,  overlain  with  red  geest li 

3.     Limestone,  shaly,  yellow i 

2.     Limestone,   yellowish  drab,   splitting  into  irregalar  layers, 

from  2  to  6  inches  thick 3 

1.     Limestone,  tough,  hard,  gray,  evenly  bedded,  resistant  to 

weathering,  in  two  or  three  layers 3i 

About  thirty-five  feet  above  the  base  of  the  hill  layers  of  a 
comparatively  barren  limestone  have  been  opened  up.  In  the 
five  feet  here  expose'd  no  fragments  large  enough  to  identify 
were  found.    The  stone  is  yellow,  breaking  up  into  chipstone. 

No  lime  of  any  consequence  is  now  made  from  Devonian 
rocks  in  Cedar  county. 


« 
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Beds  of  Devonian  age  are  believed  to  occur  immediately  be- 
neath the  drift  over  the  entire  county,  with  the  exception  of  a 
triangular  area  in  the  southwest  corner.  Two  di^inct  sub- 
atages  may  be  readily  recognized,  the  lower  beds,  which  are 
prevailingly  calcareous  or  dolomitic  and  highly  indurated,  often 
sub-crystalline,  and  an  upper  series  which  is  made  up  of  shales 
and  marls  with  occasional  indurated  ledges.  The  first  belongs 
to  the  Cedar  Valley  stage  of  the  Devonian,  of  which  the  upper 
portion  only  is  represented  in  the  county,  while  the  latter  be- 
longs to  the  Lime  Creek  shales  of  the  Upper  Devonian  series. 
The  principal  outcrops  of  the  Cedar  Valley  limestones  occur 
along  Lime  creek  and  the  Shell  Bock  river  and  their  immediate 
tributaries.  All  of  the  quarries  in  the  county  which  are  of  more 
than  local  significance  are  developed  in  this  stage.  From  an 
economic  standpoint  the  Cedar  Valley  beds  may  be  separated 
into  four  groups  more  or  less  readily  recognized.  The  sequence 
is  as  follows,  from  top  downwards : 

F8BT. 

4.  Limestooe,  exceedingly  vftriable  in  texture,  stnicture,  and 
composition,  ranging  from  a  granular,  sub-crystalline  dolo- 
mite, through  magnesian  limestone  and  argillaceous  lime- 
stone, to  pure  limestone.  The  beds  thicken  and  thin  out  in 
short  distances.  In  places  lamellar  stromatoporoids  are 
present  in  lower  beds 25+ 

3.  Limestone,  a  well-marked  reef  of  nodular  or  spheroidal 
Stromotoporas,  characteristically  developed  in  sections  in 
and  about  Mason  City 8  to      10 

2.  Limestone,  white  to  light  gray,  hard  and  compact,  brittle, 
breaks  with  a  conchoidal  fracture,  evenly  bedded,  non- 
fossiliferous;  in  layers  up  to  two  feet  in  thickness,  about... . .      15 

1.  Dolomite,  brown,  sub-crystalline,  granular;  generally  in  regular 
beds  and  but  slightly  porous  or  vesicular;  thickness  of 
individual  layers  and  aggregate  thickness  variable.  Earthy 
to  calcareous  and  variable  in  composition  below 20+ 

Numbers  1  and  2  afford  all  the  stone  used  for  dimension  pur- 
poses. Number  3  is  used  for  lime  and  is  euitable  for  crushed 
stone.  The  principal  quarries  are  located  in  the  vicinity  of 
Mason  City. 
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THE  KUPPINGER  QUARRY. 

The  Kuppinger  quarry,  located  on  the  east  bank  of  Lime 
creek,  between  the  bridge  and  the  mill  dam,  in  the  northeastern 
part  of  Mason  City,  gives  the  following  section : 

FEET. 

7.     Residual  clay  and  drift 4 

6.     Somewhat  regularly  bedded  Btromatoporoid  limestone 3 

5.  Reef  of  stromatoporoids  consisting  largely  of  spheroidal 
coralla  with  concentric,  laminated  structure;  some  of  the 
coralla  are  more  than  a  foot  in  diameter.  Weathers  into 
spheroidal  masses.    Bedding  obscure 5 

4.  White  or   grasdsh,   fine-grained    limestone,    breaking    with 

conchoidal  f rapture,  very  compact;  ledges  ranging  from  a 
few  inches  to  more  than  two  feet  in  thickness.    No  traces 

of  fossils,  or  traces  few  and  very  obscure 14 

3.    Bhii^  limestone,  flexuous  and  unevenly  bedded fk 

2.  Hard,  crystalline,  grayish  dolomite,  with  occasional  streaka 
of  brown  and  red.  In  weathered  portions  of  this  member, 
the  crystals  of  dolomite  are  in  places  very  loosely  cemented 
and  the  rock  haa  the  appearance  of  a  friable  sandstone. 
Some  beds  are  vesicular,  owing  to  the  solution  and  removal 
of  fossils.  The  cavities,  however,  are  lined  with  crystals  to 
such  an  extent  as  to  obliterate  all  evidence  of  generic  or 
specific  characters.    Ledges  varsdng  from  6  to  36  inches  in 

thickness 8 

1.    From  floor  of  quarry  to  level  of  stream,  covered  with  talus  . .        2 

The  bluff  slopes  some  fifteen  feet  higher  than  the  quarry  face, 
and  is  apparently  supported  by  indurated  rock.  The  lamellar 
stromatoporoids  appear  in  detached  blocks.  Numbers  2  and  4 
are  the  beds  mo0t  prized  for  etructural  purposes.  At  the  pres- 
ent time,  the  quarry  is  worked  only  intermittently,  and,  tiien  in 
a  small  way.  Bui  little  labor  saving  machinery  has  been  in- 
stalled. 

Openings  have  been  made  in  the  bluff  up  stream  from  the 
Kupjnnger  quarry,  but  no  new  beds  are  exposed.  The  beds  ex- 
posed in  the  quarry  of  the  Mason  City  Lime  and  Cement  Com- 
pany are  essentially  a  repetition  of  the  above. 

At  Parker's  Mill  on  Willow  creek,  the  following  natural  sec- 
tion IB  exposed : 

PARKER'S  MILL  SECTION. 

FBBT. 

ft.    StromotopoTa  reef,  eqnivaloBt  of  No.  5  of  the  Kuppiuger 

quarry 4 

5.  White  limestone,  somewhat  split  up  by  weathering 14 
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THE  KUPPINGER  QUARRY. 

The  Kuppinger  quarry,  located  on  the  east  bank  of  Lime 
oreeky  between  the  bridge  and  the  mill  dam,  in  the  northeastern 
part  of  Mason  City,  gives  the  following  section : 

FEET. 

7.    Residual  clay  and  drift 4 

6.     Somewhat  regularly  bedded  stromatoporoid  limestone 3 

5.  Reef  of  stromatoporoids  consisting  largely  of  spheroidal 
coralla  with  concentric,  laminated  structure;  some  of  the 
coralla  are  more  than  a  foot  in  diameter.  Weathers  into 
spheroidal  masses.    Bedding  obscure 5 

4.  White  or   grayish,   fine-grained    limestone,    breaking    with 

conchoidal  frapture,  very  compact;  ledges  ranging  from  a 
few  inches  to  more  than  two  feet  in  thickness.    No  traces 

of  fossils,  or  traces  few  and  very  obscure M 

3.    Bhiish  limestone,  flexuous  and  unevenly  bedded ft 

2.  Hard,  crystalline,  grayish  dolomite,  with  occasional  streaks 
of  brown  and  red.  In  weathered  portions  of  this  member, 
the  crystals  of  dolomite  are  in  places  very  loosely  cemented 
and  tiie  rock  has  the  appearance  of  a  friable  sandstone. 
Some  beds  are  vesicular,  owing  to  the  solution  and  removal 
of  fossils.  The  cavities »  however,  are  lined  with  crystals  to 
such  an  extent  as  to  obliterate  all  evidence  of  generic  or 
specific  characters.    Ledges  varjring  from  6  to  36  inches  in 

thickness 8 

1.    From  floor  of  quarry  to  level  of  stream,  covered  with  talus  . .        2 

The  blnff  slopes  some  fifteen  feet  higher  than  the  quarry  face, 
and  is  apparently  supported  by  indurated  rook.  The  lamellar 
stromatoporoids  appear  in  detached  blocks.  Numbers  2  and  4 
are  the  beds  mogft  prized  for  <stmctural  purposes.  At  the  pres- 
ent time,  the  quarry  is  worked  only  intermittently,  and,  then  in 
a  small  way.  But  little  labor  saving  machinery  has  been  in- 
stalled. 

Openings  have  been  made  in  the  bluff  up  stream  from  the 
Kuppinger  quarry,  but  no  new  beds  are  exposed.  The  beds  ex- 
posed in  the  quarry  of  the  Mason  City  Lune  and  Cement  Com- 
pany are  essentially  a  repetition  of  the  above. 

At  Parker's  Mill  on  Willow  creek,  the  following  natural  sec- 
tion is  exposed : 

PARKER'S  MILL  SECTION. 

PBBT. 

ft.    Slromato]>ora  reef,  equivalent  of  No.  5  of  the  Kuppinger 

quarry 4 

5.  White  limestone,  somewhat  split  up  by  weathering 14 
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4.  Evenly  bedded  dolomite,  in  ledges  varying  from  3  to  30  inches 

in  thicknesB 12 

3 .  Impure  dolomite,  breaking  irregularly  by  ezx>08ure  to  weather, 

and  containing  many  cavities  lined  with  crystals  of  calcite.        2i 

2.  Crumbling,   calcareous,   granular  bed,  light  gray  in  color, 

with  many  nodular  and  branching  stromatopores,  some 
favosites  and  beautiful  coralla  of  Pachf^hyllum  woodmani       1 

1 .  Argillaceous  limestone,  dark  drab  in  color,  homogeneous,  but 

breaking  up  on  exposure  to  frost 2 

Numbers  1,  2  and  3  appear  to  be  lower  in  the  •series  than  1 
in  the  Knppinger  quarry. 

Several  companies  have  opened  quarries  north  of  the  city. 
Among  others  are  the  Belden  Stone  Company,  the  Mason  City 
Quarry  Company,  and  the  Mason  City  Stone  Company.  The 
last  named  company  has  recently  sold  out  to  the  Northwestern 
States  Portland  Cement  Company. 

The  sequence  of  beds  exposed  in  the  quarries  of  the  Belden 
Stone  Company  is  given  in  the  following  section.  These  quar- 
ries are  located  in  the  southeast  quarter  of  the  northwest  quarter 
of  section  27,  Lome  Creek  township. 

BELDEN  STONE  COMPANY  SECTION. 

FBBT. 

7.     Soil  and  residual  clay  from  a  few  inches  to 2i 

6.     White  or  grayish  limestone,  shattered  into  small  pieces;  re- 
moved as  part  of  the  stripping 3 

5.  White  limestone  in  thin  layers 3 

4.  White  limestone  ip  layers  from  2i  to  10  inches  in  thickness, 

good  building  stone 4 

3.  Evenly  bedded  dolomite, .  suitable  lor  heavy   walls  or  for 

cutting  into   caps   and  sills;  in  three  ledges  21,  10  and  11 
inches  respectively  in  thickness 3i 

2.  ''Blue  cap,''  a  bed  that  quarries  out  in  shapeless,  worthless 

blocks,  in  two  ledges;  an  impure  dolomite 3 

1.     Brown,   bluish   and  gray  dolomite  in  eight  ledges,  varying 

from  4  to  13  i-nches  in  thickness 5i 

The  white  limestone  here  having  less  overbnrden  is  more 
weathered,  which  finds  expression  in  its  being  more  thinly 
bedded  and  f  ractnred. 

The  beds  developed  by  the  Mason  City  Stone  Company  con- 
sist of  an  aggregate  of  nearly  twenty  feet  of  dolomite  and  rather 
more  than  ten  feet  of  the  white  limestone. 
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In  all  of  these  quarries  the  dolomite  occurs  in  layers  of  good 
thickness  and  is  of  excellent  quality.  It  usually  presents  a  more 
or  less  rough  surface  owing  to  the  sub-crystalline,  granular 
texture,  and  is  known  commercially  as  ^' Mason  City  sandstone/' 
East  of  Mason  City,  the  w<hite  limestone  becomes  much  less 
important.  A  short  distance  below  the  wagon  bridge  at  Port- 
land, the  following  beds  may  be  observed : 

PORTLAND  SECTION. 

FBBT. 

6.     Soil  and  wash  up  to 3 

5 .     Dolomite,  coarsely  granular,  in  thin  layers 3 

4 .     Limestone,  white  with  laminar  Strom atoporas 2 

3.  Limestone,     the    spheroidal    Stromatopora  reef,   but    more 

evidently  stratified  than  at  Mason  City 4 

2.     Limestone,  white,  evenly  bedded 3 

1 .     Dolomite,  in  heavy  beds 13 

Up  the  river  toward  the  mill,  dolomitized  beds  higher  in  the 
series  may  be  viewed.  Numbers  1  to  4  may  be  correlated  readily 
with  the  Mason  City  sections.  The  beds  dip  at  a  low  angle  down 
stream,  and  almost  wholly  disappear  some  twq  miles  below  the 
bridge.  The  **Clay  Banks,**  beginning  on  the  northwest  quarter 
of  section  35,  present  an  abrupt  escarpment  facing  the  creek,  and 
rest  on  the  variable  beds  of  the  Cedar  Valley  stage  which  appear 
in  the  channel  of  the  creek.  While  the*  Lime  Creek  shales  which 
oonsrtitute  the  **clay  banks"  contain  occasional  hard  ledges, 
they  are  not  of  sufficient  importance  in  that  connection  to  merit 
description.  They  will  be  discussed  later  as  a  possible  source 
of  Portland  cement  materials. 

Above  Mason  City,  the  Cedar  Valley  limestone  presents  an 
almost  continuous  section  along  Lime  creek  to  Fertile  in  Worth 
county.  The  beds  display  many  local  undulations  and  the  usual 
variations  in  composition  and  texture.  As  a  rule  the  beds  are 
lower,  and  the  main  dolomite  quarried  in  Mason  City  and  vicin- 
ity is  not  well  exposed.  The  white  limestone  thins  materially  and 
is  oftentimes  below  the  water  line.  No  important  quarries  have 
been  opened,  although  much  stone  has  been  taken  out  for  local 
use. 

Along  the  Shell  Bock  river  the  white  limestone  and  heavy 
dolomite  are  the  chief  terranes  exposed.  Occasional  very  limited 
exposures  of  the  beds  above  and  belo.w  may  be  seen.    Outcrops 
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of  the  various  beds  appear  at  short  intervals  from  Foster's  mill 
above  Plymouth  to  the  Floyd  county  line.  The  beds  as  a  rule 
are  more  profoundly  folded  than  their  equivalents  along  Lime 
creek.  In  the  vicinity  of  Plymouth  dolomite  beds  prevail  and 
are  quarried  to  some  extent.  They  are  (Supposed  to  be  the 
equivalents  of  the  dolomite  in  the  Portland  section  above  the 
stromatoporoid  zones.  The  beds  rise  down  stream.  At  Bock 
Falls  beds  much  lower  in  the  series  appear.  Below  the  wagon 
bridge,  the  following  section  is  exposed: 

FBBT. 

5.     Drift  and  waste  alpost  nothing 

4.     Limestone,  white 1-3 

3.     DoIomitCi  in  regular  beds  and  of  good  quality 16 

2.     Dolomite,  impure  and  irregularly  bedded,  becoming  nodular 

on  weathering 3 

1 .     Dolomite,  argillaceous 3 

The  lower  beds  in  the  above  section  are  almost  identical  witti 
those  exposed  in  the  Parker's  Mill  section  in  Mason  Oity.  Num- 
bers 1  to  3  are  better  seen  in  Vermilya's  bluflf  on  the  northeast 
quarter  of  section  35  in  Falls  township,  where  they  show  a  maxi- 
mum exposure  of  forty  feet.  The  lower  twenty  feet  show  no  defi- 
nite bedding  planes  and  the  rock  breaks  up  into  angular  pieces  by 
weathering.  While  the  beds  are  more  or  less  continuously  ex- 
posed for  some  distance,  no  new  phases  are  shown  within  the 
confines  of  the  county.  While  quarries  might  be  opened  at  al- 
most any  point,  none  worthy  of  individual  mention  are  in  oper- 
ation. 

Lime  Creek  Shales. 

While  the  Lime  Creek  shales  as  developed  in  Cerro  Gordo 
county  comprise  essentially  clay  shales  and  marls,  occasional 
indurated  ledges  are  present,  especially  in  the  upper  member 
or  Owen  beds.  These  hard  layers  are  quarried  at  several  points 
in  Portland,  Owen,  Qeneseo  and  Dougherty  townships.  The 
stone  developed  is  usually  a  rather  soft,  yellow,  earthy  dolomite 
of  fair  to  poor  quality,  and  is  of  local  importance  only. 

The  shales  and  miarls  promise  to  be  of  far  greater  importance 
in  the  manufacture  of  Portland  cement.  The  most  important 
section  exposed  in  the  county  may  be  viewed  on  section  35  in 
Portland  township,  facing  a  convex  bend  in  Lime  creek  and  con- 
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tinuing  a  distance  of  about  a  mile.    The  beds  exposed  are  as 
follows  : 

CLAY  BANK  SECTION. 

FKET. 

6.     Soil  and  drift,  almost  a  neglectable  quantity 

5.     Shale,  calcareous  or  marl;  in  some  places  indurated  layers 

appear 3 

4.     Cap  rock,  variable  in  thickness 1 

3.     Marl,  highly  fossiliferous;  containing  occasional  hard  bands..      20 

2.     Shale,  non- fossiliferous,  weathered  yellow 10 

1.     Shale,  bluish  gray  to  blue  and  becoming  highly  plastic  on 

weathering;  non-fossiliferous ' 40 

A  hard  compact  limestone  outcrops  in  the  creek  and  forms 
the  floor  upon  which  the  above  section  rests. 

Samples  selected  from  this  section  were  analyzed ;  the  results 
are  given  in  the  table  below,  the  numbers  corresponding  to  the 
numbers  in  the  section.  Three  samples  were  selected  from  the 
marl  comprising  number  3  in  the  section,  of  which  3a  was  taken 
from  the  indurated  layers. 

Analysis  of  clay  shales  and  marls  from  the  ^*Clay  Banks**  near  Portland^  Cerro 

Gordo  county. 


No.  1 


No.  2 


No.  3  No.  3a 


No.  3b 


No.  4 


No.  5 


Moisture 

Combined  water 

Silica 

Alumina 

Ferric  oxide 

Lime 

Magnesia 

Sulphur  trioxide 

Soda 

Potash 

Carbon  dioxide . 


1.21 
3.291 
49.931 
20.231 
4.32 
6.701 
2.791 
1.14| 
2.17, 
2.25' 
6.051 


1.00 
0.76 
50.15 
19.68 
4.08 
9.78 
2.26 
1.18 

i.as 

1.62 
8.54 


0.73 
2.72 

20.26 

11.28 
2.76 

31.42 
3.44 
2.09 
0.50 
1.09 

23.56 


0.35 
I  0.171 
i  5.361 
'  3.79, 
I  1.20| 
I  48.18 
,  2.70' 
I     1.021 

0.27, 
I  0.46, 
I  35.731 


0.75 
3.67 

20.82 

11.55 
2.76 

30.01 
4.01 
1.19 
0.72 
1.41 

23.05 


0.68 
2.44 
7.59 
5.62 
1.56 

44.34 
3.22 
0.51 
0.29 
0.48 

33.39 


0.93 
2.04 

27.26 

19.15 
4.32 

16.47 
2.23 
1.11 
1.55 
2.20 

12.59 


J.  B.  Weems,  Analyst. 

The  stripping  is  of  variable  thickness  but  usually  unimpor- 
tant. The  marly  beds  3  to  3  b  have  almost  the  proper  compo- 
sition for  a  Portland  cement  and  merit  more  attention  than  has 
been  given  them.  The  above  section  is  about  equally  distant 
from  the  Iowa-Dakota  division  of  the  Chicago,  Milwaukee  & 
Saint  Paul  and  the  Fox  Lake  division  of  the  Chicago  and  North- 
western railways. 
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At  Mason  City,  the  shales  and  marls  appear  -some  disrtance 
to  the  south  and  west  of  Lime  creek  while  there  is  an  almost  con- 
tinuous section  of  limestone  along  Willow,  Calamus  and  Lime 
creeks. 

The  shales  and  marls  are  exposed  south  and  west  of  the  city. 
Immediately  west  of  the  fair  grounds,  along  a  small  creek,  the 
following  section  is  exposed: 


FEET. 


2. 
1. 


Marl,  weathered  yellow 12 

Shale  clay,  blue-gray,  becoming  very  plastic  when  weathered, 
exposed 20 


The  shales  are  known  to  attain  a  thickness  of  some  forty 
feet  southwest  of  the  city  in  the  pits  of  the  brick  companies. 
Analyses  were  made  of  all  of  the  members  in  the  above  sections 
and  the  results  are  given  below. 


2 


6 


Silica 

Alumina ) 

Ferric  oxide  / 

Calcium  carbonate 

Magnesium  carbonate. . . 

Alkalies  as  K «0 

Sulphur  trioxide 

Combined  water 

Moisture 


35.23 

21.09 

32.84 
3.94 


3.11 
4.26 
0.12 


54 .  56 

,     51.95 

30.62 

718.34 
I    7.56 

4.10 

4.14t 

2.13 

3. --'61 

2.32 

4.12 

2.30 

2.76 

4.19 

7.49* 

0.30 

0.42 

0.72 

0.91 

94.22 
1.32 


0.63 

0.71 

97.48 
0.99 


{ 


0.98 
2.46 

o.a5 


54.64 
14.62 
6.45 
9.21 
6.09 
5.89 


0.51 


3.74 
0.85 


*  Combined  water  and  carbon  dioxide. 

t  These  percentages  are  of  oxides  instead  of  carbonates. 


1.  Marl  from  exposure  west  of  fair  grounds. 

L.  G.  Michael,  Analyst. 

2.  Shale  from  exposure  west  of  fair  grounds. 

L.  G.  Michael,  Analyst. 

3.  Shale  from  pit  of  American  Brick  and  Tile  Company. 

J.  B.  Weems,  Analyst. 

4.  Stromatopora  limestone,  quarry  of  Mason  City  Lime  &  Cement 

Company. 

L.  G.  Michael,  Analyst. 

5.  Mason  City   White   Limestone,    quarry    of  Mason  City  Lime  & 

Cement  Company. 

A.  O.  Anderson,  Analyst. 

6.  Shale  from  pit  of  Mason  City  Brick  and  Tile  Company. 

G.  E.  Patrick,  Analyst. 
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The  marls  and  shales  are  known  to  extend  over  a  large  area 
and  are  easily  reached,  as  there  is  but  liltle  cover  over  them. 

They  can  be  traced  with  little  interruption  from  the  exposures 
west  of  the  fair  grounds  in  Cerro  Gordo  county  to  several 
miles  south  of  Roekford  in  Floyd  county. 

All  of  the  shales  are  calcareous  and  grade  insensibly  into 
marls. 

CHICKASAW  COUNTY. 

The  Devonian  limestones  are  believed  to  comprise  the  surface 
country  rock  over  the  entire  county,  with  the  chief  sections 
exposed  along  the  most  important  streams,  especially  in  the 
western  tier  of  townships.  According  to  Professor  Calvin,  the 
beds  are  more  or  less  magnesian  throughout  the  entire  series 
exposed,  some  of  the  beds  being  so  compleitely  dolomitized  as  to 
resemble  certain  phases  of  the  Niagara  limestone  in  Delaware 
and  Dubuque  counties.     The  predominating   facies   is  a  soft, 
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earthy  to  granular,  non-crystallme  limestone,  oftentimes  cav- 
ernous. Crystalline  calcite  geodes  are  not  uncommon.  Bougii 
stone  for  local  use  only  has  been  taken  out  from  time  to  time 
at  numerous  points  in  the  county,  and  lime  has  been  burned  on 
a  small  scale  until  recently,  in  the  vicinity  of  Chickasaw. 

The  section  located  near  the  wagon  bridge  in  Chickasaw  shows 
twenty-five  feet  of  heavy  bedded  dolomite,  which  is  much  broken 
toward  the  surface  on  acount  of  weathering.  Lower  down  the 
beds  are  intersected  by  numerous  joints.  A  large  amount  of 
chert  in  streaks  and  bands  is  a  striking  feature  of  this  section, 
and  one  very  unusual  in  the  Devonian. 

A  section  which  occurs  about  one  mile  north  of  Chickasaw, 
illustrates  a  flaggy  facies  of  the  Devonian.  The  stone  as  usual 
is  highly  magnesiau  and  occurs  in  thin,  even  layers,  varying 
from  two  to  six  inches  in  thickness.  There  are  numerous  calcite 
lined  caverns  and  some  very  perfect  calcareous  geodes  present. 

A  fairly  representative  section  showing  the  variable  char- 
acter of  the  Devonian  beds  as  developed  in  the  county,  is  ex- 
posed in  the  southeast  quarter  of  section  3,  Deerfield  township. 
The  sequence  is  as  follows : 

PBST. 

7.     Loam  irnd  drift 2 

6.    Limefltone,  thin-bedded,  earthy  and  badly  weathered 3 

d.    LimeBtone,  hard  ledge;  drab  colored,  purer  and  more  crystal- 
line than  4  and  6 I 

4.    Limestone,  thin-bedded;  becomes  marly  and  concretionary 

on  weathering 2 

3.    Shale,  arenaceous,  yellow  and  plainly  laminated 4 

2.    Limestone,  hard,  dark  gray,  layers  six  to  ten  inches  in  thick- 
ness and  BOW  forms  floor  of  the  quany 2 

1.     Limestone,    hard,    not    now    exposed,    but    was    quarried 

formerly 3 

It  is  evident  from  a  casual  inspection  of  the  above  section 
that  the  overburden  of  drift  and  worthless  material  is  practically 
prohibitive.  While  certain  ledges  at  numerous  other  points  yield 
excellent  structural  material  and  stone  of  suitable  composition 
for  a  good  quality  of  lime,  the  high  proportion  of  waste  which 
must  be  handled  makes  a  large  production  improbable. 

FAYETTE  COUNTY. 

Indurated  rocks  of  the  Devonian  immediately  underlie  the 
drift  over  the  middle  and  western  portions  of  the  county,  con- 
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stituting  one-half  of  its  superficial  area.  Outcrops  are  limited 
to  the  iminediate  vicinity  of  the  streams  on  account  of  the  great 
thickness  of  the  drift,  especially  over  the  west  portion  of  the 
county. 

Quarries  have  been  opened  at  a  number  of  points,  notably  in 
the  town  of  Fayette,  in  the  northwestern  comer  of  Windsor 
township,  near  the  towns  of  Alpha  and  Wauooma  in  Eden  town- 
ship and  near  Fairbank  and  Maynard  in  Oran  and  Harlan  town- 
ships respectively.  The  quarries  are  of  small  capacity  and  sup- 
ply only  the  local  demand. 

The  Westfield  bridge  -section,  which  is  located  on  the  north- 
east quarter  of  section  29  in  Westfield  township,  is  one  of  the 
most  extensive  Devonian  sections  in  the  county  and  shows  the 
Devonian  contact  with  the  Niagara.  The  •sequence  of  beds  is  as 
follows : 


9.    Limestone,  much  weathered,  in  thin  fragments,  fossilif erous .        1 
8.    Limestone,  yellow,  impure,  fine-grained;  in  layers  two  to  six 

or  eight  inches  in  thickness 6i 

7.    Limestone,  yellow,  impure,  in  three  heavy  heds 7 

6.    Limestone,  yellowish  gray,  rather  massive,  less  magnesian 

than  number  7  above  and  somewhat  broken 8 

6.    Limestone,  argillaceous,  light  colored,  consisting  of  brecciated 

material  in  which  small  limestone  fragments  are  imbedded 

in  a  clayey  shale  matrix 7 

4.    Limestone,  brecciated;  composed  of  dense,  fine-grained  drab 

colored  fragments  of  limestone,  surrounded  with  lighter 

colored  cementing  material 10 

3.    Limestone,  yellowish  gray,  very  fine-grained;  weathers  into 

thin  fragments 11 

2.    Limestone,  yellow,  magnesian,  in  two  ledges,  the  upper  dense, 

rather  fine-grained,  one  foot  thick,  and  the  lower  softer, 

vesicular,  two  feet  in  thickness 8 

1.     Limestone,  yellowish,  magnesian,  heavily  bedded,  cavernous, 

cherty  and  fossiliferous 22 

In  the  above  section  numbers  1  and  2  belong  to  the  Niagara. 
The  balance  of  the  section  belongs  to  the  Devonian.  The  upper 
beds  only  are  quarried  in  and  about  Fayette  and  their  equiv- 
alents are  quarried  near  Fairbank  and  Maynard,  but  at  the 
latter  localities  the  beds  have  become  much  less  magnesian 
and  as  a  consequence  do  not  afford  as  durable  structural  mate- 
rial as  the  same  layers  at  Fayette. 
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In  the  northwest  quarter  of  section  6,  Windsor  township,  the 
following  beds  are  available : 

Ifbbt. 

6.     Limestone,  residual 1 

5.     Limestone,  magnesian,  yellow,  in  layers  two  to  six  inches  in 

thickness.    The  layers  are  much  shattered 6 

4.  Limestone,  yellow,  fine-grained,  earthy,  in  layers  six  inches 

to  two  feet  in  thickness ;  somewhat  nodular 3i 

3.  Limestone,  yellow,  impure,  resembling  number  4;  in  layers 

eight  to  thirty  inches  in  thickness,  somewhat  fossilif erous . .        6 

2.  Limestone,  yellowish  gray,  in  rather  indistinct  layers  which 

are  checked  by  numerous  joints,  fossiliferous 8 

1.  Shale,  light  colored,  containing  occasional  fragments  of  lime- 

stone.    Shale  fragments  become  more  abundant  in  lower 
parts;  talus  covered  to  bed  of  stream 7 

Similar  sections  appear  at  other  points  in  the  neighborhood. 

Beds  higher  in  the  series  than  those  in  Windsor  township 

are  quarried  in  the  town  of  Fairbank  in  the  southwest  comer 
of  the  county.    The  quarry  section  is  as  follows : 

FEET. 

5 .  Soil,  drift  and  residual  materials 5 

4.  Limestone,  yellow,  much  decayed,  in  thin  layers,  fossiliferous        2i 

3.  Limestone,  hard,  gray,  in  thin  layers,  fossiliferous 2 

2.  Limestone,   yellowish    gray   in   rather  even  layers  with   oc- 

casional bands  of  shaly  material;  showing  numerous  spots 
of  concentrically  arranged  lines  of  iron  stains;  fossiliferous.        6 
1.     Limestone,    gray,   massive,    containing  numerous  geodes   of 

calcite  and  bearing  but  few  fossils 3 

Other  quarries  have  been  opened  in  the  neighborhood  but 
developed  nothing  new.  The  quarries  in  the  vicinity  of  May- 
nard  are  less  extensive  than  those  at  Fairbank  and  show  no  new 
phases. 

FLOYD  COUNTY. 

The  Devonian  limestone  and  shales  form  the  country  rock 
over  the  entire  county  so  far  as  known  at  this  time.  Numerous 
outcrops  appear  along  the  Shell  Bock  river,  Floyd  creek,  the 
Cedar  river  and  the  Little  Cedar  river.  Outcrops  of  the  Lime 
Creek  shales  are  confined  to  Eockford  and  vicinity,  while  €dl 
of  the  limestones  belong  to  the  Cedar  Valley  stage.  The  lime- 
stones are  prevailingly  hard,  white,  compact,  often  lithographic, 
evenly  bedded  and  almost  pure  calcium  carbonate.  They  are 
often  associated  with  or  interbedded  with  magnesian  or  dolomitic 
layers. 


FLOYD  CODNTY. 


CIIT  qoarrr,  CtiariM  Cltj.  Floyd  eoaol)',  Iowa. 
.    Shell  Bock  river,  Nor&  Sprlnss.  Fiord  conotr,  lova. 
.    Floyd  quarrr  aecttoo. 
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Along  the  Shell  Bock  river,  sections  at  Nora  Springs,  Bock- 
ford  and  Marble  Bock  give  the  range  of  beds  which  may  be 
observed.  At  Nora  Springs  the  following  beds  appear  in  the 
bluff  at  the  foundry  about  one  hundred  and  fifty  yards  up  stream 
from  the  Milwaukee  railway  bridge. 

FEET. 

7.     Soil  and  drift  of  variable  thickness 1-4 

6.  Limestone,  coralline  zone,  colonies  very  much  flattened,  bed- 
ding planes  not  very  distinct 6 

5.     Limestone,  buff  to  gray-buff,  otherwise  similar  to  number  4; 

bedding  planes  rather  more  apparent 4 

4.  Limestone,  white,  much  shattered,  compact  and  brittle;  bed- 
ding planes  not  apparent 3+ 

3.  Limestone,  spheroidal  Stromatopora  zone;  appears  to  be 
decidedly  concretionary  where  weathered,  spheroids  up  to 
10  inches,  horizontal  diameter  somewhat  the  larger & 

2.  Limestone,  gray-buff,  evenly  bedded,  compact  to  somewhat 
earthy  fracture,  less  brittte  than  1,  grades  upward  into  white 
limestone 2 

1.  Limestone,  white,  apparently  brecciated;  bedding  planes  not 
well  defined,  compact  and  brittle,  exposed  at  this  point 
above  low  water : 6 

Just  below  the  mill,  some  three^ightbs  of  a  mile  farther  up 
stream,  several  small  quarries  have  been  opened.  The  same 
beds  are  exposed  but  -show  considerable  variations,  especially 
in  bedding.  All  of  the  beds  up  to  number  4  are  massive.  Num- 
ber 2  appears  as  a  single  ledge,  in  places.  Although  the  spher- 
oidal masses  can  be  seen,  number  4  takes  on  a  somewhat  shaly 
character  and  is  thicker  than  at  the  foundry.  In  places,  how- 
ever, this  member  appears  as  a  single  massive  ledge.  The  beds 
all  dip  up  stream.  The  stone  derived  from  these  beds  is  used 
quite  generally  throughout  the  town  and  adjoining  country. 

At  Bockford,  beds  higher  in  the  series  api>ear  and  only  the 
uppermost  member  of  the  Cedar  Valley  limestone  appears  in 
the  low  escarpment  along  the  river.  Back  from  the  river  the 
Lime  Creek  shales  appear.  While  the  actual  contact  between 
the  Cedar  Valley  and  the  Lime  Creek  was  not  seen,  the  section 
which  can  be  viewed  along  the  river  and  in  the  pit  of  the  Crewn 
City  Brick  and  Tile  Company  is  as  follows : 
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ROCEFORD   SECTION. 

FEBT. 

10.     Soil  and  drift,  variable  in  thickness 0-2 

9.     Marl,  blue-gray,  oxidizes  to  a  yellowish   color,  highly  fossili- 

feroas 12+ 

8.     Clay-shale,  gray-blue,  slightly  gritty  and  more  pervious  than 

beds  below 15 

7.     Iron-stained  zone,  containing  concretions;  of  variable  thick- 
ness   6  inches  to        2 

6.     Clay-shale,  similar  to  number  5 6 

6.     Shale,  gray-blue,  slightly  gritty 12 

4.     Limestone,  shaly,  exposed  but  thickness  not  determined 

3.  Limestone,  white,  similar  to  uppermost  beds  along  the  river 

at  Nora  Springs;  coralline,  thinly  bedded 12 

2.  Dolomite,  or  dolomitic  limestone,  brown  and  porous 3 

1.  Limestone,  gray-blue,  in  medium  heavy  ledges,  exposed 4 

The  marls  and  shales  cantiime  more  or  less  iiniiiterruptedly 
to  the  **01ay  Banks''  sonth  of  Portland  in  Cerro  Gordo  county 
and  can  be  traced  southward  from  Rockf ord  two  or  three  miles. 
They  are  not  known  to  occur  in  any  considerable  quantity  north 
and  east  of  Lime  creek  or  the  Shell  Eock  river.  The  marl  is 
used  to  some  extent  for  road  work  and  appears  to  cement  well. 
The  lower  limestone  beds  have  been  quarried  in  a  small  way 
but  are  too  near  the  water  level  in  the  river  to  permit  their  ex- 
tensive development.  - 

At  Marble  Bock  a  number  of  quarries  have  been  opened  and 
are  operated  at  the  present  time.  About  three-fourths  of  a 
mile  above  the  wagon  bridge  a  quarry  has  been  opened  on  the 
east  side  of  Shell  Bock  river  and  presents  the  following  beds : 

MARBLE  ROCK  SECTION. 

6.    Soil  and  drift 1-4  * 

4.  Limestone,  white,  with  spheroidal  Stromatopora,  hard  and 

brittle,  beds  heavy  where  unweathered;  becomes  cavernous 

in  part  and  the  middle  portion  is  brecciated,  exposed 10-12 

3.  Limestone,    magnesian   or  dolomitic,  much  weathered  and 

stained  in  places,  yellowish  brown,  evenly  bedded,  ledges 
shaly  in  part 8 

2.  Limestone,  dolomitic,  shaly,  iron-stained 2 

1.     Limestone,  white,  the  details  are  as  follows ' 

10  inch  ledge,  lithographic. 
10  inch  ledge,  brecciated. 

Two  10  inch  ledges,  separated  by  shaly  parting. 
10  and  12  inch  ledges,  lithographic  in  character. 
20  to  24  inch  ledge  almost  lithographic . 
14  inch  and  18  inch  ledges,  separated  by  shaly  parting, 
hard,  compact. 

Total 9 
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Platb  SLVItt.-a.    Old  llnie  quanr  abavc  Marble  Rock,  Floyd  counir,  lova.BbowlDg 
Stromatopora  lone  and  brecclated  tone, 
b.    Marble  Rock  quarry  abovlDg  eveoly  bedded.  Ilthograpblc  beds  below, 
and  Stromatopora  and  brecciated  zone  above.  • 
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The  Lodges  m  nomber  1  constitute  a  compact,  haxd^  brittle 
limestone  almost  lithographic  throughout,  with  the  exception 
of  the  ledge  next  to  the  top  of  the  series,  which  is  distinctly 
breeciated.  All  of  the  layers  are  evenly  bedded  and  all  but  the 
third  and  fourth  layers  are  separated  by  shaly  or  marly  part- 
ings, thus  facilitating  quarrying  by  very  simple  methods.  All 
of  the  lower  limestone  beds  show  good  ability  to  resist  weather- 
ing influences.  The  lower  limestone  beds  are  most  highly  prized 
for  quarry  purposes  although  the  dolomitic  beds,  when  not 
•too  much  weathered,  are  also  used.  Both  the  upper  and  lower 
Emesrtones  are  well  adapted  for  crushed  stone  products.  Old 
quarries  were  opened  in  the  upper  limestone,  which  was  also 
burned  for  lime.  The  remains  of  an  old  pot  kiln  may  still  be 
seen  in  the  immediate  neighborhood. 

Along  the  Cedar  river  and  its  immediate  tributaries  an 
abundance  of  induiwted  rock  is  available,  often  with  very  little 
overburden.  The  principal  quarries  are  located  at  Li'thographie 
City,  Floyd  and  Charles  City.  The  Interstate  Development  Com- 
pany has  made  extensive  openings  at  Lithographic  City  and  is 
planning  to  operate  its  property  on  a  large  scale  in  iiie  near 
future.  Two  quarries  have  been  opened.  The  beds  exposed 
are  as  f  oUowb  : 

UTHOORAPHIC  CXTY  ^SCTION.* 

FIXX. 

11.     Soil  and  drift 1 

10.     Limeetone,  lithographic , 5 

9.    Limestone,  yellow-gray,  friable,  coarsely  granular  and  thin- 
bedded i 

8.     Limestone,    dense,    compact,    buff  to  grayish  white,  thin- 
bedded 3i 

7.    Limestone,  lithographic,  shattered  and  unevenly  bedded, 

brown,  variegated 1 

6.    Clay  parting , i 

5.    Limestone,  compact If 

4.    Clay  parting , - i 

3.     Limestone,  buff  to  pink,  lithographic li 

2.     Limestone,  gray,  sub-crystalline i 

1 .    Limestone,  lithographic,  dense,  exposed 3 


*  From  notoB  suppUetf  by  Mr.  C.  L.  Webster ,  Clmries  City.  Iowa. 
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An  average  sample  was  selected  from  tbe  above  section  and 
analyzed.  The  analysis  is  given  herewith : 

Calciam  carbonate 92.85 

Magnesium  carbonate 5.31 

Iron  and  alumina 0.80 

Insoluble 1.60 

A.  O.  Anderson,  Analyst. 

The  magnesia  percentage  can  undoubtedly  be  lowered  by 
the  elimination  of  number  9  in  the  above  section  which  appears 
to  be  strongly  dolomitic. 

A  large  number  of  specimens  have  been  selected  from  the 
various  beds  in  the  quarry  and  polished.  Enough  has  been  done 
to  demonstrate  thoroughly  the  superior  quality  of  certain  of  the 
layers  for  lithographic  purposes.  It  has  also  been  demonstrated 
that  the  lithographic  stone  can  be  obtained  in  large  slabs  prac- 
tically free  from  fractures,  calcite  balls,  clay  seams  and  other 
imperfections.  Other  beds  take  a  good  polish  and  are  of  a 
pleasing  color.  They  can  be  quarried  in  blocks  of  almost  any 
lateral  dimensions  and  will  undoubtedly  find  a  ready  market 
The  waste  from  the  quarries  would  'make  an  excellent  grade 
of  crushed  stone.  A  large  area  is  available  with  almost  no 
overburden.  A  short  line  of  railway  has  been  surveyed  and  the 
company  contemplates  building  in  at  an  early  date. 

At  Floyd,  extensive  quarrying  has  been  done  through  a  period 
of  many  years.  A  quarry  just  north  of  town  along  the  main 
roadway  shows  the  following  beds : 

FBBT. 

8.     Drift  and  soil  up  to f 4 

7.     Limestone,  brown,  dolomitic '. 8 

6.     Limestone,  white  to  gray,  compact,  brittle 3 

5.     Limestone,  sub-crystalline,  sugary,  gray  to  t)rownish,  appar- 
ently dolomitic '. 4 

4.     Limestone,  gray- white,  blue  above,  compact,  weathers  con- 
cretionary   3 

3.     Limestone,  blue-gray,  shaly  above 4 

2.     Limestone,  brown,  vesicular,  dolomitic 1 

1 .    Limestone,  compact,  exposed 3 

Many  of  the  older  buildings  and  nearly  all  foundations  in 
the  town  attest  the  popularity  of  the  stone  for  structural 
purposes. 
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Charles  City  is  the  chief  quarry  center  in  the  county.  Of  the 
numerous  quarries  which*  have  been  opened  and  operated  from 
time  to  time,  a  large  quarry  located  in  the  southwestern  part 
of  town  may  be  taken  as  a  fair  average.  The  beds  developed 
are  as  follows : 

CHARLES  CITY  SECTION. 

FBBT. 

4.     Soil,  drift,  and  terrace  materials,  th6  latter  constituting  the 

larger  portion  of  the  overburden 4-8 

3.     Limestone,  ledge  persistent 1-2 

2.  Limestone,  magnesian,  light  brown,  vesicular  and  sub- 
crystalline,  less  evenly  bedded  than  number  1,  concre- 
tionary in  part 5-6 

I.  Limestone,  gray,  weathers  white,  compact  and  brittle;  evenly 

bedded,    but   beds    undulating;    comparatively  free  from 
flaws  and  remarkably  uniform,  exposed i 8 

The  layers  in  number  1  are  separated  by  thin  clay  partings 
which  greatly  facilitate  quarrying  operations.  According  to 
Mr.  C.  L.  Webster,  the  stromatoporoid  zones  lie  from  fifteen 
to  twenty  feet  below  the  ba.se  of  the  quarry.  Number  1  in  the 
above  section  is  the  chief  quarry  rock  and  has  been  used  ex- 
tensively  in  Charles  City  and  the  adjacent  country.  The  M.  E. 
Church  and  First  National  Bank  buildings  are  among  the  more 
important  structures  constructed  from  local  materials;  the 
former  bearing  the  date  of  1854.  Both  are  in  good  repair  and 
the  stone  appears  to  possess  excellent  weathering  qualities.  The 
Charles  City  Marble  Company  owned  and  operated  the  quarry. 
This  company  also  attempted  to  cut  and  polish  the  stromatopor-' 
oids  for  ornamental  work  but  with  indifferent  success  as  a 
commercial  venture,  although  some  very  handsome  pieces  were 
turned  out. 

South  of  Charles  City,  quarries  have  been  opened  at  several 
points.  On  the  south  half  of  section  20,  township  95  north, 
range  XV  west,  east  of  the  wagon  road  and  north  of  a  small 
creek,  the  following  layers  may  be  seen : 

FEBT. 

II .  Soil  and  drift,  thin,  up  to 1 

10.     Limestone,  light  colored,  magnesian,  shattered  and  fossilif- 

erous 1 

9.     Limestone,    nodular,    containing    many     stromatoporoids, 

badly  broken,  fossiliferous 4i 
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8.     Dolomite,  brown le 

7.    Limestone,  lithographic,  thinly  bedded,  where  weathered, 

separating  into  thin  plates U 

6.    Limestone,  compact,  brown,  becomes  thinly  bedded  below 

in  weathering 2 

5.     Limestone,  impure,  earthy,  forming  a  re-entrant  in  cliff  face 

and  breaking  down,   on  weathering,  to  a  yellow,  clayey 

mixture I 

4.     Limestone,  thinly  bedded  and  light  brown  to  bluish  in  color; 

laminae  separated  by  bands  of  weathered  clayey  residue. . .        2i 

3.    Talus  slope 7 

2.     Limestone,    ledges    similar  to  number  4,  but  heavier  and 

firmer,   with  fewer  clay  partings  and  deeper  brown    in 

color 10 

1 .    Talus  slope  to  creek  bed 4 

Some  quarrying  was  done  formerly  at  this  point.  An  abun- 
dance of  material  is  easily  available  and  under  very  light  over- 
burden. 

In  the  southeastern  portion  of  the  county  some  quarrying 
has  been  done.  The  most  important  opening,  the  Allen  quarry, 
two  and  three-fourths  miles  northwest  of  Nashua,  is  given  here- 
with: 

FEET. 

3.     Drift  and  soil  of  indefinite  thickness. 

2.  Limestone,  in  thin  beds,  varying  from  one  to  five  inches  in 
thickneBs,  some  layers  soft  and  granular,  others  hard  and 
fine-grained 8 

1.  Limestone,  consisting  of  the  following  ledges  from  the 
bottom  upward:  eighteen  inch,  twelve  inch,  fourteen  inch, 
eight  inch  and  five  six  inch  ledges  respectively 7 

The  bottom  ledge  affords  stone  suitable  for  bridge  work  while 
several  of  the  other  ledges  yield  satisfactory  building  stone. 

Some  lime  burning  was  done  in  Floyd  county,  as  in  the  case 
of  nearly  every  other  limestone  producing  county  in  the  state, 
but  no  lime  has  been  produced  during  recent  years. 

FRANKLIN   COUNTY. 

The  Owen  beds  of  the  Lime  Creek  stage  outcrop  at  various 
points  along  the  east  side  of  the  West  Fork  of  the  Cedar  river  in 
the  northeast  corner  of  Eoss  and  throughout  its  course  in  West 
Fork  township.  In  section  7,  West  Fork  township,  a  small 
quarry  has  been  opened,  from  which  some  rock  has  been  re- 
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moved.  Th^se  beds  fumieh  a  supply  of  building  material  which 
has  been  utilized  locally  at  many  points.  It  is  seldom,  however, 
that  the  stone  is  sufficiently  coherent  to  permit  of  any  extended 
use  for  structural  work. 

The  quarry  opening  just  north  of  the  road  along  the  south 
side  of  section  7,  West  Fork  township,  affords  the  following 
section : 

FBBT. 

2.  Shale,  yellow,  magnesian,  with  chert  nodules  and,  near  the 

base,  interbedded,  sub-crystalline  limestone,  apparently 
dolomite.  In  places,  definite  bands  of  chert  permeated 
with  brachiopod  impressions,  Spirifer  whitneyi  most  abun- 
dant         3i 

1.  Dolomite,  brown,  thinly  bedded,   fossiliferous,  partially  cry- 

stalline; much  shattered  at  top  and  badly  rifted  throughout, 
exposed 7 

Only  the  lower  bed  can  be  used,  and  this  on  account  of  its 
coarsely  granular  and  partially  weathered  condition,  is  not  a 
durable  material.  It  has  been  used  to  a  limited  extent  for  side- 
walk flagging,  and  in  walls,  where  it  is  fairly  satisfactor5\ 

HOWARD  COUNTY. 

Outside  of  two  small  areas  marking  the  extensions  of  Ordo- 
vician  beds  which  have  been  uncovered  bv  the  streams  into 
Vernon  Springs  and  across  Albion  township  into  Forest  City 
township,  the  Devonian  covers  the  entire  county.  The  Devonian 
beds  are  accessible  at  numerous  points  and  have  been  quarried 
principally  at  Vernon  Springs  and  vicinity,  Cresco,  Lime  Springs 
and  vicinity,  Chester,  Elma  and  in  section  33  in  Saratoga  town- 
ship. The  lowest  beds  developed  may  be  viewed  in  the  quarry 
located  on  the  northeast  corner  of  section  14  in  Forest  Citv 
township.  The  principal  quarry  rock  consists  of  a  massive, 
rough,  rather  soft,  non-crystalline,  vesicular  dolomite.  The 
quarry  section  is  as  follows: 

FEET. 

5.     Limestone,  dolomitic,  ledges  decayed  and  badly  broken  up; 

comparatively  thinly  bedded 8 

4.     Dolomite,  coarse,  vesicular,  full  of  fossil  casts 5 

3.  Dolomite,  coarse,  pitted  like  number  4 4^ 

2.  Limestone,  dolomitic,  light  yellow 3 

1.     Limestone,  similar  to  2  but  softer  and  more  granular;  in  four 

beds  which  in  places  appear  to  be  completely  blended  into 

a  single  bed 4 
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Similar  sections  may  be  seen  at  other  points  in  Forest  City 
and  Albion  townships. 

Beds  somewhat  higher  in  the  series  have  been  quarried  at 
Vernon  Springs  and  vicinity.  The  Salisbury  quarry,  located 
in  the  southwest  quarter  of  the  southwest  quarter  of  section  34 
in  Vernon  Springs  township  may  be  selected  as  a  fair  sample. 
The  section  is  as  follows : 

SALISBURY  SECTION.  VERNON  SPRINGS. 

FBBT. 

5.    Black  soil  mixed  with  broken  rock 1 

4.     Limestone,  broken,    angular  fragments  affording  an   illus- 
tration of  how  the  stone  yields  to  frost  and  weather -4 

3.  Limestone   in   heavy  courses   of  good  building  stone,  soft, 

magnesian,  yellow  or  brown  in  color,  containing  numerous 
spheroidal  cavities  lined  with  crystals  of  calcite,  fossils  rare 
and  represented  only  by  casts 8 

2.  Limestone,  softer,  more  argillaceous,  in  three  or  four  layers, 

calcite  lined  cavities  numerous 3 

1.  Limestone,  more  solid  and  purer,  in  courses  from  one  to  three 

feet  in  thickness,  fossil  shells  preserved 7 

The  most  important  qnarry  in  the  county  is  operated  by  John 
Hallman  and  is  located  in  the  northwestern  part  of  the  city  of 
Cresco.    The  quarry  pit  shows  the  following  beds : 

FBBT. 

4 .  Drift  and  wash 1-4 

3.  Limestone,  in  thin  layers  but  evenly  bedded  and  hard,  mag* 

nesian 6-8 

2.  Limestone,  blue-gray,  hard  and  tough,  in  beds  ranging  from 

6  to  18  inches  thick;  works  fairly  well 7-8 

1.     Limestone,   dolomitic,   base    ledge   in   northwest  comer  of 

quarry;  weathers  brownish  yellow,  exposed 2 

Numbers  1  ^and  2  contain  considerable  crystalline  calcite  in 
stringers  and  balls  and  the  entire  assemblage  of  beds  is  strongly 
magnesian.  The  quarry  beds  appear  to  be  much  disturbed  in 
places,  such  disturbance  being  manifested  by  crushed  layers  and 
slickensided  surfaces.  The  products  of  the  quarry  include  some 
dimension  stone,  rubble  and  ordinary  range  stone.  The  principal 
beds  are  comparatively  soft  and  work  easily. 

The  quarries  at  Forest  City  and  Chester  work  beds  similar  to 
those  which  have  been  developed  at  Vernon  Springs. 
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Plate  XLIX— a.    C I (;  Quarry  about  ane  nod  ODF-balt  mlleii  noi 

b.    Quarry  □orthi'asl  oJ  Rima  showhw  nmay  ch  ir 
c      HallniHD  quarry  Bhiiw J  ng  prl ncl pa [  quarry  bed: 
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At  Elma  several  qnarries  liave  been  opened  and  dolomitic 
limestones  have  been  quarried,  wbicli,  according  to  Professor 
Calvin,  are  below  the  beds  occurring  at  Cresco.  A  quarry  along 
the  Chicago  Great  Western  railway,  north  of  Elma,  displays  the 
following  beds : 

FBBT. 

4.     Soil  and  drift 0-8 

3.  LimeBtone,  much  weathered,  bedding  planes  almost  oblit- 
erated, somewhat  concretionary  in  api>earance 8-5 

2.  Limestone,  magnesian,  stained  yellowish  brown  where  long 
exposed;  breaks  up  into  thin  layers  although  apparently  in 
heavy  beds 3-6 

1.     Dolomite,  brown,  sub-crystalline  and  cavernous,  calcitic,  in 

heavy  beds 4 

Small  quarries  have  been  opened  and  operated  from  time  to 
time  at  other  points  but  none  are  worthy  of  special  mention. 

LIME. 

The  Devonian  limestones  are  prevailingly  magnesian  to  dolo- 
mitic as  developed  in  Howard  county  and  are  fairly  free  from 
impurities.  They  would  undoubtedly  yield  an  acceptable  grade 
of  lime  should  they  be  used  for  that  purpose.  In  fact  a  good 
grade  of  lime  was  manufactured  from  the  dolomitic  limestone  at 
Vernon  Springs  before  the  railways  brought  in  limes  from  other 
coimties  where  it  could  be  produced  more  cheaply. 

JOHNSON  COUNTY. 

Rocks  of  Devonian  age  immediately  underlie  the  drift  over 
more  than  half  of  the  county.  Numerous  exposures  occur  along 
the  Iowa  river  and  its  more  important  tributaries.  The  beds 
represented  are  referred  to  three  well  known  sub-stages  of  the 
Devonian.  The  lowest  belong  to  the  brecciated  stage  of  the 
Wapsipinicon  and  are  exposed  at  only  a  few  points  in  the  north- 
eastern portion  of  the  county.  These  beds  have  been  quarried 
in  a  small  way  at  Solon  and  near  Elmira.  The  layers  are  much 
shattered  as  a  rule,  and  the  blocks  obtainable  are  rough  and 
poorly  shaped  for  structural  purposes.  The  stone  supplied 
from  these  beds  is  of  local  interest  only. 

The  Cedar  Valley  stage  is  well  developed  and  affords  the 
largest  number  of  outcrops.  Quarries  have  been  opened  and 
operated  at  numerous  points.    A  few,  only,  are  given  for  refer- 
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ence.  The  majority  of  the  openings  are  without  transportation 
facilities  but  show  the  latent  wealth  of  the  county  in  structural 
materials.  A  quarry  opened  south  of  the  old  Terrill  mill  in 
Iowa  City  shows  the  following  succession  of  beds : 

TERRILL  MILL  SECTION. 

FEET. 

8.     Hard,  femiginous,  reddish  brown  sandstone  of  Des  Moines 

stage,  Upper  Carboniferous 6 

7.     Limestone,  whitish  gray,  fine-grained 8 

6.     Idiostroma  beds,  containing  as  usual  many  massive  stromato- 

poroids  and  some  coralla  of  Acervularia 15 

5.    Limestone,  heavy,  tough  ledge 4 

4.  Limestone,  bluish  gray,  weathering  yellow,  containing  large 

coarse-ribbed  Atrypas  and  the  small  branched,  small 
celled  Cladopora  found  at  same  horizon  in  Eicher's  quarry       8 

3.  Limestone,  bluish  gray,  in  two  ledges,  first  ledge  containing 

many  crinoid  stems 4 

2.  Coral  reef 2 

1.  Limestone,  bluish,  with  great  numbers  of  broken,  crushed, 

det-ached  valves  of  Spirifer  parryanus  and  the  robust,  large 
celled  Cladopora  (C  iowenais  Owen  sp.)  described  as 
Striatopora  rugosa  by  Hall 2 

The  coral  reef  bed  is  very  persistent  and  constant.    The  beds 

above  the  reef  vary  considerably.     In  places  they  are  hard 

bluish  gray  limestone,  in  other  places,  partly  on  account  of 
weathering,  they  are  yellow  limestone  and  in  still  other  locali- 

ties  they  present  the  appearance  of  yellow  calcareous  shales.    At 

the  old  railway  quarry  on  the  west  bank  of  the  river  north  of 

Coralville,  the  following  beds  may  be  seen  beneath  the  overlying 

loess  and  drift : 

CORALVILLE  SECTION. 

FEET. 

5 .  Limestone,  white 12 

4.  Limestone,    stratum    crowded    with    casts    of    Straparollus 

cyclostomus  Hall li 

3.  Limestone  weathering  into  thin  fragments,  containing  some 

specimens  of  Idiostroma  and  colonies  of  a  cylindrical  Favo- 
sites 4 

2.  Limestone,  gray,  crowded  with  Idiostroma  and  other  stro- 

matoporoids.     This  with  No.  3  represents  the  Idiostroma 

beds  of  preceding  sections 8 

1.     Limestone,  hard,  blue,  containing  some  large  coralla  of  Acer- 
vularia          4 
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These  beds  were  formerly  worked  by  the  Railroad  Company 
for  crushed  stone.  A  switch  was  extended  to  the  quarry  and  a 
large  €unount  of  railway  ballast  produced.  One  of  the  most  ex- 
tensive quarry  sections  may  be  observed  on  the  east  bank  of  the 
Iowa  river  in  the  northwest  quarter  of  section  27,  Newport  town- 
ship.   The  following  bods  below  the  loess  and  drift  are  exposed : 

FEET. 

9.  Limestone,  brown,  with  crinoid  stems,  a  Cladopora  related 
to  the  form  described  by  Hall  as  Striatopora  rugoaa,  but 
having  the  branches  and  polyp  tubes  very  much  smaller, 
and  a  large  coarsely  ribbed  variety  of  Atrypa  reticularis. . .        4 

8.  Limestone,  drab,  granular,  no  fossils 8 

7 .  Coral  reef  composed  chiefly  ot  coralla  of  Acervularia  davidsoni 

£.  &  H.,  but  containing  many  coralla  of  Favosites  and 
Ptychophyllum 2 

6.  limestone,  moderately  hard  bed  with  crinoid  stems,   Spirifer 

parryanuSf  Atrypa  reticularis ^  Favosites,  Oyathophyllum, 
Cystiphyllum,  etc li 

5.  Limestone,  shaly,  with  many  small  crinoid  stems,    Chonetes 

scitula  Hall,  Spirifer  parryanus  Hall,  Tentaculites  hoyti 
White,  and  Monticulipora  monticola  White li 

4.  Littestone,  hard  ledge  with  many  small  crinoid  stems,  Clad- 

opora, Ptychophyllum  and  some  large  coralla  of  Acervularia  2 

3.  Limestone,  yellow  shaly  bed  with  Atrypa,  Orthis,  etc 2 

2.     Limestone,  yellow  and  gray,  shaly,  without  fossils 18 

1.     Limestone,   moderately  hard,   intersected   by  a   number  of 

oblique  joints,  light  colored,  laminated,  with  many  stem 
segments  and  some  perfect  calyces  of  Megistocrinus  and 
other  species  characteristic  of  the  Megistocrinus  fauna. 
Megistocrinus  beds 15 

The  quarry  north  of  the  iron  bridge  in  section  25,  Jefferson 
township,  shows  some  modifications  of  the  succession  of  strata 
occurring  farther  down  the  river.    The  section  is  as  follows : 

FEET. 

10.     Loess 2-10 

9.  Pebbly  drift,  Kansan 3 

8.  Limestone,  decayed,  with  bowlders  of  disintegration  embed- 

ded in  highly  oxidized  dark  reddish  brown  residual  clay. . .        3 

7.  Limestone,  light  colored,  evenly  bedded,  fine-grained 10 

6.  Coral  breccia,  composed  of  coralla  of  Acervularia,  small  cylin- 

drical Favosites,  a  peculiar  Diphjrphyllum,  a  very  elongated 
Oyathophyllum,  Idiostroma  and  massive  stromatoporoids  '  5-8 

5.  Reef  of  closely  crowded  masses  of  Acervularia 2 

4.  Limestone,  regular  heavy  layers  of  fairly  good  quarry  stone, 

containing  coralla  of  Acervularia  and  Favosites  sparsely 
distributed 6 


360  GEOLOGY  OF  IOWA  QUARRY  PRODUCTS. 

FBBT. 

3.     Limestone,  bine,  in  layers  from  6  inches  to  2  feet  thick,  com- 
posed of  fragments  of  crinolds  and  broken  shells  of  brachi* 

opods 7 

2.     Shale  and  shaly  limestone li 

1.    Limestone,  heavy,  bine,  with  concretions  of  pyrites 2 

Nearly  all  of  the  beds  given  in  the  above  6ecti(ms  supply  mate- 
rials suitable  for  foundations  and  rough  masonry  and  have  been 
so  used  to  some  extent  at  one  time  or  another. 

The  uppermost  member  of  the  Devonian  as  developed  in  the 
county  has  been  named  the  State  Quarry  Limestone  by  Profes- 
sor Calvin,  and  is  not  known  to  occur  in  any  other  county  in 
the  state.  The  formation  is  assigned  to  the  Upper  Devonian  and 
attains  a  thickness  of  forty  feet,  and  while  it  has  been  recognized 
at  a  number  of  points  in  the  county,  it  is  typically  developed  at 
the  State  Quarries,  or  North  Bend  quarries,  in  sections  5  and  8 
of  Penn  township.  On  fresh  fracture  the  State  Quarry  rock  is 
light  gray  in  color.  In  texture  it  varies  somewhat  in  different 
beds  but  near  the  middle  of  the  formaticm  it  is  composed  of 
coarse,  imperfectly  comminuted  fragments  of  brachiopod  shells 
cemented  together,  the  spaces  being  filled  with  interstitial  cal- 
cite.  The  shells,  or  fragments  of  shells,  making  up  the  limestone 
are  not  embedded  in  a  matrix  but  are  dimply  piled  on  each  other 
and  cemented. 

Near  the  middk  of  the  formation  the  rock  consists  of  thick 
ledges  which,  some  years  ago,  were  worked  extensively.  From 
these  beds  came  the  large  limestone  blocks  used  in  the  founda- 
tion of  the  new  state  capitol.  Although  the  ledges  show  no  defi- 
nite lamination,  and  spHt  as  readily  in  one  direction  as  another, 
the  weathered  surfaces  on  opposite  sides  of  the  numerous  joints 
often  show  obscure  signs  of  oblique  bedding.  The  chief  quarry 
ledge  is  five  feet  thick  and  rests  on  a  four  foot  ledge  which  is 
not  used.  The  next  usable  ledge  in  ascending  order  is  also  five 
feet  in  thickness  and  is  separated  from  the  first  by  two  or  three 
feet  of  talus.  The  fourth  ledge  is  four  feet  thick  and  is  very 
fine-grained.  Above  this  the  beds  range  from  six  inches  to  two 
feet  in  Ithickness;  these  beds  are  made  up  wholly  of  crinoidal 
remains.  Below  the  first  heavy  ledge  mentioned  he  rock  is 
thinly  bedded. 
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While  there  i?  still  a  large  amount  of  excellent  material  for 
bridge  work  -and  mjissive  masonry  available  the  lack  of  proper 
transportation  facilities  has  caused  the  temporary  abandonment 
of  the  quarry. 

LIME. 

The  LeClaire  beds  afford  excellent  material  for  strong,  slow 
slaking  and  slow  setting  lime,  but  they  have  not  been  used  for 
that  purpose  in  the  county.  Lime  has  been  burnt  from  the  more 
highly  calcareous  beds  of  the  Devonian  but  not  being  able  to 
compete  with  the  better  limes  from  other  counties,  the  industry 
has  been  abandoned. 

LINN  COUNTY. 

The  Devonian  limestones  cover  about  two-thirds  of  the  super- 
ficial area  of  the  county  and  are  quite  generally  exposed  along 
the  principal  streamways,  but  notwithstanding  these  facts,  com- 
paratively little  dimension  stone  is  derived  from  any  of  the  beds. 
The  Anamosa  beds  of  the  Niagara  practically  have  a  monopoly 
of  the  commercial  building  stone  trade  in  this  part  of  the  state. 
All  of  the  members  of  the  Devonian  represented  in  the  county 
furnish  some  stone  suitable  for  structural  purposes,  especially 
crushed  stone. 

The  Coggan  beds  of  Norton,  formerly  referred  to  the  Niagara 
but  at  present  included  in  the  Devonian,  are  dolomitic,  heavy- 
bedded,  destitute  of  lamination  and  often  porous  and  highly 
vesicular.  When  sufficiently  compact,  the  stone  is  well  adapted 
for  bridge  work  and  other  heavy  masonry.  A  quarry  near  the 
railway  station  at  Coggan  gives  a  fair  idea  of  the  beds  and  is  as 
follows : 


COGGAN  SECTION. 

4.     Soil,  loess  and  drift  of  variable  thickness. 

3.  Limestone,  gray,  hard,  compact,  sub-crystalline,  magnesian; 
layers  from  one  to  four  inches  thick,  weathering  into  block- 
chipstone 

2.  Limestone,  massive,  pale  buff,-  magnesian,  moderately  hard, 
granular,  sub-crystalline;  porous  or  vesicular,  with  a  few 
irregular  cavities  about  an  inch  in  diameter;  in  layers 
eighteen  to  twenty- four  inches  thick.     In  places  the  rock 

23 
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FBBT. 

weathers  into  chipstone,  and  is  a  brownish  buff,  semi- 
earthy,  semi-crystalline  limestone.  (Exposed  to  qnarry 
floor) 8 

1.  Slope  to  water  in  river,  elsewhere  seen  to  be  occupied  by 

massive  limestone  as  above 6 

The  beds  exposed  here  are  quite  variable  texturally  and  in 
color.  They  vary  from  a  compact,  subcrystalline  limestone  to 
a  highly  vesicular  to  earthy  material  almost  pumaoeous  in  char- 
acter. The  full  thickness  of  the  Coggan  beds  is  displayed  a  short 
distance  above  the  dam  at  Central  City.  The  sequence  is  as 
follows : 

CENTRAL  CITY  SECTION. 

FBBT. 

6.     Soil,  loess  and  drift,  variable  thickness. 

5.  Limestone,  even-bedded,  non-magnesian  above,  becoming 
more  and  more  magnesian  below,  and  so  graduating  by 
thin  layers  into  the  beds  below  that  the  line  between  them 
is  somewhat  arbitrarily  drawn  (Otis  Beds) 12i 

4.     Limestone,  magnesian,  light  buff,  compact,  granular i 

3.     Limestone  as  above,  darker,  also  non-fossiliferous  excepting 

some  minute  vermicular  cavities;  in  three  layers 1 

2.  Limestone,  massive,  buff,  magnesian;  with  moulds  and  casta 

of  fossils,  as  at  Coggan;  porous  and  vesicular;  upper  layer 
cherty,  with  dark  nodules  forming  in  places  a  continuous 
band.  The  layers  from  above  downward  are  respectively 
one  foot,  five  feet  and  ten  inches,  eleven  inches,  and  four 

feet  ten  inches  in  thickness 12|V 

1 .    Unexposed  to  river 10 

Numbers  2,  3  and  4  of  the  above  belong  to  the  Coggan  beds. 
These  beds  maintain  their  level  to  a  fine  exposure  on  the  left 
bank  of  the  river,  two  miles  northwest  of  Central  City,  at 
Granger's  old  quarry. 

The  Otis  beds  of  Norton  have  been  exploited  more  extensively 
for  crushed  stone  than  any  other.  Several  large  crusher  plants 
are  located  in  Cedar  Rapids  and  vicinity  and  furnish  stone  for 
street  and  road  work,  concrete  and  railway  ballast.  The  prin- 
cipal plants  are  located  east  and  south  of  town  on  either  side  of 
the  Cedar  river.  One  of  the  largest  plants  running  at  the  present 
time  is  operated  by  J.  J.  Snouffer,  Jr.,  and  is  located  along  the 
Chicago,  Rock  Island  and  Pacific  railway  in  the  south  part  of 
town.    The  beds  exposed  are  approximately  as  follows : 


LINN  COUNTY. 


Fio.  n— Soouttor  qaarrr.  Cedar  Raplda,  Linn  coantr,  lova. 


LoesB  stripping 12-20 

Thin  bedded,  ahellf,  weathered  limestone,  for  the  moflt  part 
worthless;  portions  of  lower  ledges  nsable  in  omaher 11-12 

Light  brown,  laccharoidal  limestone,  heavy  ledge,  contain- 
ing cavities  and  masses  of  crystalline  calcite,  in  places, 
contains  namerous  fragments  of  soft  yellow  limestone, 
prominent  in  face  of  qnarry 4 

Similar  to  No.  10  but  more  distinctly  laminated  and  sepa- 
rates readily  along  bedding  planes 2 

Laminated,  soft  magnesian  limestone,  sandy  to  the  feet, 
porons;  thin  bedded  and  breaks  well  both  horizontally  and 
vertically,  contains  occasional  small  calcite  cavities 4 

Limestone,  dense  brown,  non -crystalline  ledge 81 

Ledge,  dark  brown  in  color,  including  in  places  thin  layers 
ol  black,  carbonaceouB  clay H 

Limestone  tedge,  light  drab  in  color,  has  suffered  shattering, 
cnt  by  thin,  irregular  veins  of  crystalline  calcite;  close 
texture  and  conchoidal  fracture. H 
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FBBT. 

---4. -Dark -brown  limBStonerm  hirge^psrtreoiinetT'in^etlilliner 

hard  and  breaks  very  irregularly H 

3.  Hard,  close  textured  lini^estone,  has  apparently  been 
shattered  and  recemented  by  numerous  veinlets  of  calcite; 
displays  fine  wavy  laminations ', 2i 

2.     Shale,  black,  carbonaceous  and  contains  fragments  of  lime- 

stone,  in  places  soft  and  plastic ^ 

1 .  Sugary  brown  dolomite  in  layers  from  two  to  six  inches, 
alternating  laminse  of  varpng  shades;  the  darker  weather- 
ing to  a  residue  of  dusty  sand;  breaks  irregularly  except 
along  planes  of  stratification 5 


t 


Thifi  quiany  is  located  in  close  proximity  to  the  Chicago,  Book 
Island  and  Pacific  tracks.  At  present  the  total  ontpnt  is  crashed 
stone.  The  crusher  is  located  on  the  railroad  and  the  stone 
hauled  by  horse  and  cart  up  a  low  incline.  Four  grades  of 
crushed  product  are  put  on  the  market,  viz. :  No.  1  ranging  in 
size  from  1  to  2^  inches;  No.  2  from  V^  to  1  inch,  No.  3,  %  to 
%,  and  No.  4,  below  ^  inch  in  diameter  and  termed  ^^rock  dqst;'' 

The  upper  beds  of  the  Wapsipinicon  are  quite  generally  breo- 
dated  and  as  a  consequence  have  been  but  little  quarried.  These 
beds  have  been  developed  in  a  small  way  at  Marion,  and  in  the 
vicinity  of  Cedar  Bapids  and  Flemingville. 

The  Cedar  Yalley  beds  are  often  too  shaly  to  be  of  much  use 
for  bufi^ing  oi^  crushed  stoni^pt^i^oses.  Ad  developed  in  Linn 
county,  they  break  up  readily  under  4ihe  action  of  frost  and  are 
not  evenly  bedded.  The  best  quarries  are  in  the  vicinity  of  Cen- 
ter Point,  Toddville  and  Troy  Mills.  At  best  the  stone  produced 
is  not  to  be  recommended  for  important  structures. 

MITCHELL  COUNTY. 

The  Cedar  Valley  limestone  of  the  Devonian  forms  tiie  country 
rock  over  the  entire  county.  Excellent  sections  may  be  seen 
along  the  principal  streams,  especially  along  the  Cedar  river 
west  of  Osage.  Practically  the  entire  series  of  beds  known  to 
occur  in  the  county  appear  in  a  single  section  aggregating  about 
eighty-five  to  ninety  feet.  According  to  Professor  Calvin  in  his 
admirable  discussion  of  the  Geology  of  Mitchell  county  the  de- 
tails of  one  of  these  standard  sections  are  as  follows : 

The  Chandler  Cliff  Section,  located  on  the  east  side  of  the 
river  on  the  southeast  quarter  of  the  southeast  quarter  of  section 
21,  directly  west  of  Osage : 


MITCHELL  COUNTY. 


Fig.  is— ClllI  below  tbe  wosmi  bridge  Id  the 
TbeT«  are  tolded  and  brecclaled  beds  at  I 
appean  at  tbe  top. 


Besidual  clay  id  which  thin,  weathered   slabs  and  flakee  ot 

limestone  are  embedded,  part  of  mantle  of  waste 4 

Limestone,  coarse-grained,  rough,  weathered,  magnesian...  i 

Limestone,  firm,  fine-grained,  lithographic  ledge,  somewhat 
concretionary  and  contaioiDg  imperfectly  preserved  stromat- 

oporoids 1 

Limestone,  partly  decayed  and  partly  shaly  layer 1 

Limestone,  fine,  light  colored,  lithographic  bed.  The  bed  as 
usual  shows  two  diviaiona  which  are  separated  by  a  peculiar 
■uture-like  joint  due  to  the  interlocking  of  email  gromi- 
nencea  from  the  apposed  surfaces.  This  interlocking  joint 
is  seen  in  all  the  exposures  of  this  vicinity.     The  interlocking 

denticles  show  stylolitic  stntcture 2 

Shaly  partinK 1*1 

Limestone,  lithographic,  in  three  parts;  npper  part  as  usual 

very  fine-grained  and  homogeneous 21 

Bhaly  parting ) 

Limestone,  lithographic,  fine-grained 1 

Limestone,   coarse,  dolomitic 1 

Limestone,  fine-grained,  laminated 1 
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15.    Dolomite,  coarse,  granalar,  in  beds  ranging  from  six  inches 

to  a  foot  in  thickness 4 

14.     Shaly  parting i 

13.     Limestone   with  lithographic  nodules  embedded  in  granular 

matrix li 

12.     Limestone,  heavy  layer  which  is  dolomitic  below  and  partly 
lithographic  above.    The   lithographic  portion  is  joined  to 

the  coarser  dolomite  by  a  wavy  and  irregular  line H 

11.     Shaly  band,  variable  in  thickness,  averaging  about i 

10.     Dolomite,  heavy  layer,  sub-crystalline li 

9.     Shaly  parting i 

8.     Limestone,  thick  layer,  coarse  and  granular  at  the  base,  up- 
per six  inches  partly  lithographic li 

7.  Limestone,  hard,  light  gray,  lithographic  stone liSr 

6.  Limestone,  shaly,  decayed 1 

5.  Limestone,  light  gray,  crystalline,  good  building  stone li 

4.  Dolomite,   evenly  bedded,  yellowish,  good  quality,  quarried 

for  building  stone  at  many  points  in  the  county,  layers 
ranging  up  to  a  foot  or  more  in  thickness,  no  fossils 9 

3.  Dolomite,  irregularly  and  indefinitely  bedded,  much  checked 

and  cut  by  joints,  carries  numerous  casts  of  Athyris  vittata 
and  other  species  characteristic  of  the  same  horizon.  This 
member  will  be  referred  to  hereafter  as  the  Athyris  zone . . .      12 

2.  Limestone,  two  heavy,   irregular,   non-laminated,    dolomitic 

beds,  containing  many  shapeless  cavities  lined  with  calcite        5 

1.  Limestone,  magnesian,  partly  dolomitic,  in  regular  layers,..       15 

For  convenience  a  generalized  section  may  be  composed  from 
the  above  section  and  one  or  two  others  in  the  immediate  neigh- 
borhood. The  following  is  believed  to  closely  approximate  the 
truth : 

GENERALIZED  DEVONIAN  SECTION. 

FBBT. 

8.  Magnesian  limestone  above  the  lithographic  zone,  represented 

usually  by  weathered  chips 6 

7 .  Lithographic  zone 9 

6.  Assemblage  of  variable  beds  between  the  lithographic  zone 

and  the  evenly  bedded  quarry  stone 15 

5.  Quarry  stone,  No.  4  of  the  Chandler  cliff  section 10 

4.  Athyris  bed 12 

3.  Coarse,  vesicular  bed  with  calcite-lined  cavities 5 

2.  Regular  bedded  dolomite  at  base  of  Chandler  section 15 

1 .     Folded  and  brecciated  zone . .' 15 

Number  1  in  the  general  section  may  be  seen  one-fourth  mile 
below  the  electric  power  plant  just  below  the  wagon  bridge  di- 
rectly west  of  Osage.  The  upper  portion  of  the  section  closely 
resembles  Chandler's  Cliff. 


MITCMKU,  CIH-NTV.  3.W 

The  principal  streams  in  the  county  are  strike  streams  and 
the  general  slope  is  parallel  with  the  dip  south  ani  we^t.  The 
beds  which  are  quarried  at  St.  Ansgar  are  essentially  the  same 
as  those  quarried  at  Orchard,  and  those  being  developeJ  in  the 
vicinity  of  Mclntire  find  their  counterparts  in  the  quarries  alon? 
Rock  creek. 

In  the  vicinity  of  Osage  quarrying  operations  are  limited  al- 
most wholly  to  the  lithographic  beds.  Near  Mitchell  and  St 
Ansgar,  and  along  the  Little  Cedar  from  Staeyville  to  Brown- 
ville,  the  rea^ularly  bedded  dolomites,  eorrespondine;  to  number 
4  in  the  Chandler  section,  are  worked.  At  Mclntire  and  along 
Bock  creek  the  lith<^apliic  zone  is  the  one  mainly  utilized.  At 
Otranto  the  Athyris  bed  is  worked  and  it  would  appear  that 
number  1  of  the  Chandler  seoti-on  ought  to  be  within  working  dis- 
tance of  the  surface.  In  order  that  the  r-etaii^  may  be  better 
understood  and  the  latent  re.sources  of  the  county  more  fully 
appreciated,  a  cletailed  quarrj'  section  from  each  of  the  more 
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important  districts  is  given  below.  A  considerable  number  of 
quarries  have  been  opened  along  Sugar  creek  southwest  of 
Osage.  One  of  the  most  important  of  these  is  known  as  the 
Lewis  lime  quarry.    The  section  is  as  follows: 

LEWIS  LIME  QUARRY. 

FEET. 

10.     Dark  brown  residual  clays  with  f>ome  granular,   calcareous, 
residual  material  resembling  fine  sand,  and  many  weathered 

chips  of  limestone 4 

9.  Limestone,  firm,  whitish,  fine-grained  ledge  of  concretionary 
lithographic  stone  containing  a  number  of  obscure  stromat- 

oporoids i 

8.     Limestone,   ehaly,  fossiliferous,  fossils  mostly  in  the  form  of 

comminuted  brachiopod  shells i 

7.  Limestone,  hard,  fine-grained,  lithographic,  with  lamination 
planes  well  defined  in  some  places,  less  perfectly  defined  in 
others,  and  with  a  tendency  to   split  up   into   individual 

layers  of  varying  degrees  of  thickness li 

6.     Shale,  marly i 

5.  Limestone,  heavy  ledge  of  fine-grained  lithographic  stone 
dividing  into  two  parts,  the  upper  ten,  the  lower  seventeen 
inches  in  thickness.  The  lower  five  inches  is  very  fine  and 
homogeneous  in  texture  and  tends  in  places  to  separate  as  a 

distinct  layer 2k 

4 .     Thin  shaly  parting Vir 

3.  Limestone,  ledge  of  fine-textured  lithographic  stone  in  three 
parts,  eight,  seventeen  and  one-half,  and  three  and  one-half 

inches  respectively 2| 

2.     Shaly  parting iV 

1.     Limestone,  coarser  and  less  perfect  lithographic  stone,  in  two 

parts  eleven  and  nine  inches  thick If 

Beds  3,  5,  7  and  9  are  fine-grained  and  light  colored,  break 
with  conchoidal  fracture,  and  would  all  be  classed  as  lithographic 
limestone.  It  is  the  upper  eight  inches  of  No.  3  and  the  lower 
five  or  six  inches  of  No.  5  that  are  fine  enough  and  homogeneous 
enough  to  give  promise  of  possessing  commercial  value  as  serv- 
iceable lithographic  stone.  All  the  beds  are  checked  and  jointed 
on  an  extensive  scale,  and  this  renders  it  difficult  to  obtain  blocks 
of  usable  size  for  lithographic  purposes. 

The  lithographic  beds  are  quarried  at  an  opening  on  the  land 
of  Dr.  W.  H.  Gable  in  the  northwest  quarter  of  the  southeast 
quarter  of  section  27  about  half  a  mile  northwest  of  the  Lewis 
quarry.    The  lithographic  beds  here,  as  elsewhere,  are  remark- 
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ably  durable  as  evidenced  along  natural  fissures.  Detached 
blocks  which  bear  evidence  of  long  exposure,  ring  when  struck 
with  the  hammer  and  show  slight  indication  of  surface  softening 
and  disintegration.  An  average  sample  was  taken  from  the 
Gable  quarry  and  analyzed.    The  results  were  as  follows : 

Insoluble 2.21 

Iron  and  alumina 3.82 

Calcium  carbonate 90.17 

Magnesium  carbonate ^ 1.03 

Moisture  and  organic  matter 2.63 

99.86 
A.  O.  Anderson,  Analyst. 

The  sections  exposed  art  St.  Ansgar  and  Mitchell  show  no  new 
facies.  The  dolomitic  beds  are  worked  the  most  though  the 
lithographic  beds  are  available  at  the  latter  place.  At  Otranto 
only  the  lower  beds  exposed  in  the  Chandler  section  are  known, 
while  along  the  Little  Cedar  the  middle  to  lower  beds  are 
available. 

Near  Mclntire  the  following  section  exposed  near  the  mill 
southeast  of  the  town  may  be  taken  as  a  fair  average.  The  beds 
exposed  are  as  f oUowfi  : 

FB«T. 

5.  Loess  and  soil 6 

4.  Limestone,  decayed,  magnesian,  granular 2 

3'.  Limestone,  laminated,  lithographic  stone 3 

2.  Limestone,  solid,  granular  and  fossiliferous li 

1.  Limestone,  thin-bedded,  partly  lithographic  stone,  variable...  2 

In  the  bed  of  the  small  creek  between  the  quarry  and  the  mill, 
there  are  firm  dolomitic  beds  below  the  level  of  the  above  section. 
The  entire  assemblage  of  beds  in  this  part  of  the  county  are  sup- 
posed to  be  the  equivalents  of  those  exposed  near  the  top  at 
Osage  and  Orchard. 

Notwithstanding  the  abundance  of  excellent  structural  mate- 
rials available  none  of  the  quarries  are  of  more  than  local  im- 
portance. 

LIME. 

Two  small  kilns  still  exist  southwest  of  Osage  along  Sugar 
creek.  Lime  is  not  regularly  produced,  however,  as  the  kilns 
have  been  idle  for  several  years.  The  lithographic  beds  were 
utilized  and  a  good  grade  of  white  lime  was  produced. 
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MUSCATINE  COUNTY. 

While  Stratified  rocks  of  Devonian  age  are  believed  to  form 
the  country  rock  immediately  under  the  glacial  debris  over  the 
larger  portion  of  the  county,  exposures  are  practically  limited 
to  Moscow,  Sweetland,  and  Montpelier  townships.  Unimportant 
outcrops  are  also  known  to  occur  in  the  city  of  Muscatine.  The 
lowest  limestone  beds  exposed  are  prevailingly  brecciated  in 
character,  and  carry  a  high  percentage  of  calcium  carbonate, 
being  almost  pure  limestones,  and  are  non-fossiliferous.  The 
upper  limestone  beds  are  rich  in  organic  remains  and  oftentimes 
are  magnesian  to  dolomitic  in  character.  Quarrying  operations 
have  been  carried  on  on  only  a  small  scale,  save  near  the  Missis- 
sippi river  where  considerable  material  has  been  used  for  Mis- 
sissippi river  improvement  work  by  the  Federal  Government. 
A  composite  section  compiled  from  the  outcrops  in  the  vicinity 
of  Moscow  is  about  as  follows : 

FBBT. 

6.     Drift  and  surface  detritus  of  variable  thickness. 

5.     Limestone,  hard,  gray,  in  rather  irregular  ledges,  fossiliferous 

and  somewhat  brecciated;  mixed  with  the  rock  below 5 

4.     Limestone,  softer  than  above,  mostly  concealed,  with  frequent 

crinoid  stems  above;  blue  and   fine-grained    ledges   farther 

down,    slightly   crushed   or   brecciated    in    the  lowest  part; 

fossiliferous 29 

3.     Limestone,  strong,   gray,    in    moderately   heavy   and   regular 

ledges,  slightly  broken  or  brecciated  in  a  few  places,  fossilif 

erous 8 

2.     Limestone,  coarsely  brecciated,  emitting  a  faint,   bituminous 

odor  under  the  hammer 4 

1 .     Limestone,  white,  evenly  bedded,  in  thin  layers 4 

Numbers  1  and  2  are  exposed  only  along  Sugar  creek  north- 
east of  Moscow,  while  the  upper  members  appear  west  of  the 
town.  Quarries  have  been  operated  from  time  to  time  at  several 
points. 

Numerous  outcrops  of  Devonian  limestone  somewhat  higher 
in  the  series  than  those  about  Moscow  may  be  viewed  along 
the  Mississippi  river  and  its  immediate  tributaries  from  the 
eastern  border  of  the  county  to  the  city  of  Muscatine.  The 
best  developed  and  least  obscured  sections  occur  in  the  vicinity 
of  Montpelier  and  along  Pine  creek. 
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Along  Sulphur  branch,  a  creek  which  enters  the  Mississippi 
about  one  mile  east  of  Montpelier,  the  following  beds  appear : 

FXBT. 

7.  Drift  and  soil,  of  variable  thickness. 

6.     Limestone,  weathered  ledges,  with  scattered  casts  of  cup  corals      2i 

6.  Limestone,  black,  carbonaceous,  with  Stromatopora i 

4.  Limestone,  bluish,  dolomitic,  thick-bedded,  with  fossil  casts..      9 

3.  Shale,, soft,  fossiliferous 1 

2.  Limestone,  in  thin  hard  ledges,  with  small,  kidney-shaped  or 

cake- like  Stromatopora 2 

1.  Limestone,  dolomitic,   bluish,   finely   granular;    fossiliferous, 

exposed 4 

Nearer  town  number  1  in  the  above  section  is  seen  to  rest  on 
a  bluish  clay  of  unknown  thickness.  The  upper  beds  have  been 
quarried,  number  4  having  been  quarried  most  extensively. 
These  ledges  exhibit  some  of  the  characteristios  of  a  '*  free- 
stone,*' breaking  almost  as  readily  in  one  direction  as  in  another. 
The  bedding  planes  are  even  and  well  marked.  The  lowermost 
ledge  of  number  4  is  two  feet  in  thickness.  When  subjected  to 
weathering  influences,  the  beds  tend  to  become  clayey. 

Near  the  center  of  section  21  in  Montpelier  township,  large 
quantities  of  material  have  been  obtained  for  the  construction 
of  wing-dams  farther  down  the  river.  The  section  exposed  at 
this  point  and  near  vicinity  is  as  follows : 

PKET. 

8.  Drift  and  soil,  variable  thickness. 

7.  Limestone,     hard,   brown,  weathered,  apparently  somewhat 

brecciat^d  and  containing  fragments  of  Stromatopora 4 

6.     Concealed 5+ 

5.  Limestone,  weathered,    apparently  brecciated,   with  a   large 

Stromatopora  above  a  dark  carbonaceous  layer  near  the 
base,  carrying  casts  of  an  Amplexus 4 

4.  Limestone,  dolomitic,  almost  white,    bluish,    finely   granular 

and  evenly  bedded;  in  heav'y  ledges,  the  lowermost  nearly 
four  feet  thick,  rapidly  turning  darker  blue  and  yellowish  on 
exposure;  oblique,  curving  fracture  in  some  places,  fossilif- 
erous         8 

3.  Limestone,  hard,  in  thin  layers  and  rough,  but  straight  layers 

above;  fossiliferous 2i 

2 .  Concealed 3 

1.     Limestone,  dolomitic,  bluish  or  gray,  with  Cystodictya 2 

Number  1  disappears  under  the  creek  and  also  under  the 
water  in  the  river. 
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Sections  along  the  lower  conrse  of  Pine  creek  are  practically 
the  same  as  the  one  just  given.  Higher  up  the  stream  beds 
lower  in  the  series  appear.  Possibly  the  most  extensive  succes- 
sion may  be  studied  in  an  old  quarry  in  the  south  bank  of  a 
small  tributary  of  Pine  creek  in  the  northeast  quarter  of  the 
southeast  quarter  of  section  4  in  Montpelier  township. 

CARPENTER  QUARRY  SECTION. 

FBBT. 

8.     Drift  and  soil,  of  variable  thickness. 

7.     Limestone,  much  decayed  and  appears  to  be  a  yellow  clayey 

material;    fossiliferous 7 

6.     Limestone,  hard,  solid  ledges,  a  foot  in  thickness,   in  places 

highly  fossiliferous 3 

6.     Limestone,   fine-grained  ledge,  out  by  a  net- work  of  vertical 

plates  made  up  of  material  like  that  in  the  ledge  above f 

4.     Marl,  earthy 4 

3.     Limestone,   fine-grained,   gray,   thin-bedded    above,    thicker 

bedded  and  dolomitic  below,  Gomphoceras  and  a  reniform 

Stromatopora  in  upper  part,  Cystodictya  below   2 

2.     Concealed 5 

1.     Limestone,  gray,  in  somewhat  irregular  ledges,  fossiliferous, 

exposed 3 

Numbers  3  to  6  are  the  beds  developed  in  the  above  quarry 
and  in  the  immediate  vicinity. 

From  the  mouth  of  Pine  creek,  crops  of  Devonian  lime&tone 
continue  to  the  city  of  Muscatine,  but  none  are  of  sufficient  im- 
portance commercially  to  merit  individual  mention. 

The  upper  Devoniaa  beds  exposed  in  the  county  constitute  the 
Sweetland  Creek  beds  of  Udden.  They  are  prevailingly  argil- 
laceous in  character,  although  they  contain  certain  hard  mag- 
nes<ian  to  dolomitic  layers  below.  The  well  indurated  beds  are 
neither  suffi<cient  in  quantity  nor  sufficiency  accessible  to  be 
worthy  of  consideration.  Certain  of  the  shale  members  are 
highly  bituminous  while  others  contain  a  considerable  percentage 
of  lime  phosphate. 

SCOTT  COUNTY. 
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Devonian  limestones  have  been  quarried  extensively  from 
Pleasant  Valley  to  BuffiaJo  along  the  Mississippi  river.  The 
most  extensive  quarries  are  located  at  Bettendorf  east  of  Daven- 
port and  at  Linwood  near  Buffalo.  Several  companies  are  oper- 
ating near  Bettendorf,  crushed  stone  being  the  chief  product. 
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Pliti  U.— Clark  quarry,  near  B 
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The  Grammoll  quarry  is  kx^ated  east  of  Bettendorf  and  soutli 
of  the  electric  railway  tracks.  The  pit  section  aggregates  ten  to 
twelve  feet.  The  upper  six  to  eight  feet  is  composed  of  a  thinly 
bedded,  brittle,  wbite  limestone  while  the  lower  four  feet  de- 
veloped comprises  heavier  beds  of  gray  to  buff  limestone.  The 
upper  beds  in  their  entirety  along  with  the  spalls  from  the  lower 
beds,  are  put  through  the  crusher,  while  the  lower  beds  supply 
some  rubble  stone.  The  stone  is  hoisted  by  derricks  and  dropped 
directly  into  a  Brennan  crusher  (Blake  type,  jaws  in  three  parts 
working  separately).  The  crushed  product  is  elevated  to  a 
cylindrical  screen  and  sized,  the  screened  product  falling  directly 
into  storage  bins  from  which  it  is  loaded  into  cars.  The  output 
is  used  to  a  large  extent  locally. 

The  LieClaixe  Stone  Company  has  a  plant  juot  west  of  the 
GrommoU  quarry.  The  pit  has  been  opened  to  a  depth  of  about 
twenty  feet.  The  section  is  the  same  as  the  preceding,  save  that 
the  lower  beds  are  more  important  and  furnish  a  good  grade  of 
rubble  and  some  range  stone.  The  beds  are  gray-blue  in  color 
and  range  from  eight  to  sixteen  inches  in  thickness.  The  bedding 
planes  are  not  very  apparent.  The  plant  is  equipped  with  steam 
drills,  steam  hoists,  and  two  Gates  crushers.  Both  plants  pro- 
duce a  superior  grade  of  crushed  stone,  and  practically  no  strip- 
ping is  required  at  either  plant. 

At  Linwood,  east  of  Buffalo  and  north  of  the  railroad  tracks, 
the  Linwood  Quarry  Company  installed  a  crusher  plant  a  few 
years  ago  and  is  producing  crushed  <stone  only.  The  pit  shows 
much  shaittered  beds  of  white  to  shaly  limestone.  In  places  the 
color  of  the  stone  is  somewhat  variegated.  The  plant  is  equipped 
with  a  Blake  crusher  and  a  number  5  Au€rtin  crusher,  and  the 
necessary  trackage  and  derricks.  A  small  amount  of  rubble  is 
produced. 

A  new  crusher  plant  has  been  opened  recently  just  west  of 
Buffalo  on  the  Clark  farm.  The  stone  developed  is  similar  «to 
that  at  Linwood  but  appears  to  be  less  shaly.  The  plant  is  one 
of  the  largest  in  the  state,  having  a  capacity  of  100  yards  per 
hour,  and  is  equipped  with  a  number  7V^  and  a  number  5  Austin 
crus:her.  The  plant  is  well  housed  and  is  supplied  with  a  full 
complement  of  up-to-date  machinery.  The  stone  is  loosened  by 
drilling  and  heavy  charges  of  dynamite.     Compressed  air  is 
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tts^  in  dilUing. '  The  sftone  is  loaded  into  cars  having  a  capacity 
6f  two  yards  and  di«.wn  by  a  rope  up  an  incline  to  the  crusher. 
Most  of  the  output  is  taken  by  the  Chicago,  Bock  Island  and 
Pacific  ttailway  for  ballast. 

The  Wapsipinicon  stage  of  the  Devonian  has  produced  and  is 
capable  of  producing  some  very  good  dimension  etone  and 
dressed  stone,  especially  rock-faced  ashlar.  Trinity  church, 
Davenport,  is  an  example  of  the  srtone  obtained  from  the  upper 
Davenport  beds,  while  the  cathedral  of  the  Protestant  Episcopal 
Church  was  built  from  stone  obtained  from  the  Liower  Daven- 
port beds. 

The  Middle  Devonian  beds  a«  represented  by  the  Cedar  Valley 
limestone,  are  for  the  most  part  too  argillaceous  to  affbrd  build- 
ing stone  of  good  quality.  Several  of  the  lower  layers  furnish 
atone  of  fair  quality  and  several  quarries  have  been  opened  to 
develop  them,  the  most  important  of  which  are  located  near  Buf- 
falo. One  of  the  moet  extensive  quarries  ie  looated  on  the  souiih- 
west  quarter  of  section  13,  Buftelo  township.  The  beds  worked 
are  as  follows : 


2.  Limejitoi^e,  hard,  gray,  sub-cry Btalline,  fossiliferous,  in  hori- 
zontal layers  ranging  from  four  to  nine  inches  in  thickness.        7 

1.  Limestone,  argillaceous,  blue  weathering  buff,  upper  nine 
feet  highly  enorinal,  main  joints  run  north,  85  degrees  east 
and  do  not  continue  upward  into  number  2 14 

The  other  quarries  of  the  township  present  very  similar  sec- 
tions. Most  of  the  stone  quarried  was  uised  for  river  improve- 
ment work  by  the  government.  Some  has  been  used  for  road 
work  and  rough  masonry. 

LIME. 

The  LfeClaire  beds  of  the  Silurian  afford  an  almost  inexhaust- 
ible supply  of  miaterial  suitable  for  lime  burning  and  are  ex- 
tensively develoi)ed  across  the  river  from  LeClaire  at  Port 
Byron.  Ait  the  present  time  this  mo9t  excellent  limestone  is  not 
being  used  in  the  county.  Some  lime  burning  has  been  done  near 
Dixon  and  Gilbert,  but  white  Devonian  limestones  have  been 
used.    The  annual  output  is  small. 
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Limesrtones  of  the  Mason  City  sub-sta^e  of  the  Cedar  Valley 
Btage  outcrop  in  the  banks  of  both  the  Shell  Bock  river  and 
Lime  creek  and  their  chief  tribuitaries.  The  strata  are  similar 
in  every  wa.y  i)0  their  equivalents  in  the  Mason  City  sections  in 
Cerro  Gordo  county. 

On  the  Shell  Eock  a  maximum  thickness  of  twenty  feet  of  the 
limestone  beds  may  be  observed  at  the  railroad  bridge  in  section 
1  of  Lincoln  township. 

The  following  section  at  Foster's  mill  in  the  northeast  comer 
of  eection  30,  Union  township,  is  typical  for  the  Cedar  Valley 
bede: 

FfBT. 

4.    Weathered  limestone,   crystalline,  and  containing  numerous 

ealcite  cavities  10 

8.    Compact,  light  colored,  dolomitic  limestone,  heavy  bedded. . .        4 

2.  Very  close  textured  limestone,  lithographic  in  appearance, 
hard  and  breaking  with  oonchoidal  fracture.  Has  a  very 
characteristic  ring  when  struck  with  the  hammer S 

1.    Argillaceous,  bluish  dolomite  layer,  exposed  to  water  below 

dam 1 

No.  4  is  the  Stromatopora  zone  which  characterizes  thia  atage 
at  nearly  every  exposure.  It  is  the  equivalent  of  the  beds  tha/t 
are  to  be  employed  for  the  manufacture  of  Portland  cement  at 
the  Mason  City  plant,  in  the  adjoining  county  to  the  south. 

Near  the  south  edge  of  section  12,  Lincoln  township,  is  a  small 
quarry  from  which  crushed  stone  has  been  taken  for  road  mate- 
rial.   The  middle  layer  of  the  Foster  mill  section  is  the  one  used. 

Beginning  in  the  northwest  quarter  of  section  1,  Lincoln  town- 
ship, is  a  continuous  outcrop  for  about  one-^third  of  a  mile  where 
Shell  Bode  river  flows  close  to  the  west  edge  of  its  valley  aind 
at  the  foot  of  the  exposure.  From  a  short  distance  below  the 
railroad  bridge  il:  extends  northward  across  the  line  into  Keneett 
townsihip.    The  following  is  the  somewhat  generalized  section : 

PBET. 

0.    Bo wldery  drift 2 

4.  Badly  weathered  limestone,  rusty  red  in  color,  no  fossils,  nod- 
ular in  appearance,  bedding   obscure  on  account  of  disin- 

tegiation 6 

24 
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3.  Fine  textured  limestone  of  light  color,  non-fossiliferous  and 
containing  much  interstitial  crystalline  calcite,  heavy 
bedded 3 

2.  Slightly  argillaceous  magnesian  limestone,  grading  downward 
^  into  the  darker  variety,  breaks  with  earthy  fracture,  but  is 

very  hard,  bedding  8  to  12  inches 2-3 

1.    Argillaceous  dolomite,  that  portion  not  adjacent  to  joint  or 

bedding  planes  a  dark  blue,  good  building  stone,  to  water.        6 

No.  4  of  this  seotion  is  the  equivalent  of  the  upper  member  in 
the  Foster  mill  section.  Below  the  railroad  bridge  a  layer  of 
calcareous  sandstone  eight  inches  thick  appears  between  Nos.  3 
and  2.  This  is  very  susceptible  to  the  weathering  agencies,  and 
its  breaking  down  forms  a  re-entrant  in  the  quarry  face. 

A  small  quarry  has  been  opened  in  the  northern  part  of  sec- 
tion 14,  Kensett  townsihip,  and  some  stone  removed  to  supply 
a  local  demand  for  the  purpose  of  rough  masonry.  The  argil- 
laceous dolomite  has  here  been  quarried  to  a  depth  of  six  feet. 
A  thin  layer  of  sandy,  shaly  and  weathered  limestone  occurs 
between  strata  of  the  dolomite.  All  the  layers  shown  a*  this  ex- 
posure have  suffered  more  or  less  from  wea/thering  and  are  of 
little  value  as  building  material. 

At  Fertile  an  outcrop  in  the  south  bank  of  the  stream,  below 
the  wEgon  bridge,  gives  the  following  section : 


3.  Hard  limestone,  badly  shattered  into  small  blocks  by  weath- 
ering         4i 

2.    Aifenaceous  shaly  limestone,  very  slight  effervescence   with 

dilute  HCl 8 

1.    Heavy  bedded,  sub -crystalline,  dolomitic  limestone,  to  water 

level 5 

Bed  No.  2  gives  way  much  more  readily  to  weathering  than 
the  other  members  and  is  conspicuous  as  a  re-entrant  along  the 
face  of  the  exposure.  A  small  amount  of  stone  has  been  quar- 
ried at  the  east  edge  of  the  town  in  a  low  terrace  to  the  north  of 
Lime  creek. 

The  quarry  industry  of  Worth  county  has  been  developed  only 
to  the  extent  of  supplying  a  local  demand  in  the  immediate  vi- 
cinities of  the  exposures  of  the  limestone  beds.  Practically  all 
that  has  been  used  for  building  purposes  has  been  from  the  com- 
pact, light  colored  stratum  and  the  underlying  dark  magnesian 
layer  given  in  the  sections  along  the  Shell  Rock.    The  former  is 
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well  suited  for  road  material  and  concrete  work,  while  the  latter, 
which  is  the  equivalent  of  the  Ma&on  City  dolomite,  is  considered 
one  of  the  best  and  most  durable  building  stones  taken  from  the 
several  quarries  in  Cerro  Gordo  county.  This  stone  is  well 
exposed  to  a  thickness  of  ten  to  twelve  feet  in  the  northern  part 
of  Lincoln  township,  where  the  Chicago  Great  Western  crosses 
Shedl  Rook  river,  land  in  a  location  where  conditions  are  favor- 
able for  development. 

These  limestones  also  both  produce  an  excellent  quality  of  lime 
as  demonstrated  by  their  long  continued  use  for  this  purpose  at 
Mason  City.  The  dolomitic  stone  gives  a  stronger  lime  than 
the  white  and  one  which  deteriorates  less  rapidly  by  air  slaking. 
The  white  lime,  however,  is  eminently  suited  for  use  in  the 
manufacture  of  sand-lime  brick  besides  various  mortar  purposes. 
In  this  phase  of  the  quarry  business,  Worth  county  has  resources 
equal  to  any  of  its  neighboring  counties. 

The  Klnderhook. 

The  Kinderhook  is  typically  developed  in  the  vicinity  of  Bur- 
lington in  Des  Moines  couuty  and  comprises  a  series  of  shales 
below  aAd  limestones  above,  separated  by  finely  arenaceous  de- 
posits. The  shales  constitute  the  most  extensive  member  at 
Burlington,  exceeding  one  hundred  feet  in  thickness  but  thinning 
northwestward  along  the  line  of  strike,  while  the  limestone 
member  becomes  relatively  more  important.  The  medial  sand- 
stone is  fairly  persistent  but  becomes  less  important  northward. 
The  calcareous  member  shows  a  decided  tendency  to  become 
oolitic  and  ranges  in  texture  from  a  compact  brittle  limestone 
to  sub-orystalline  and  oolitic  characters.  It  is  equally  variable 
in  composition,  showing  all  gradations  from  a  pure  limestone,  as 
the  oolite  m  Marshall  county  and  the  white  limestones  in  Hardin 
and  Humboldt  counties,  to  the  sugary  brown  dolomite  of  Hardin 
county.  The  quarry  stone  comes  from  the  upper  member,  which 
has  been  extensively  exploited  in  Marshall  and  Hardin  counties. 
The  shales  are  of  interest  as  a  possible  source  of  Portland  ce- 
ment materials.  They  are  extensively  develoi)ed  at  Hannibal, 
Missouri,  by  the  Atlas  Portland  Cement  Company.  The  sand- 
stone is  not  being  developed  at  the  present  time  although  it  has 
been  quarried  in  a  small  way  in  Marshall  and  Tama  counties. 
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DES  MOINES  COUNTY. 

The  Kindeiihook  bede  are  believed  to  form  the  coimtry  rock 
nader  -flie  Mississippi  bottom  lands  along  the  entije  east  front 
of  the  comity.  They  appear  near  the  base  of  the  blnfFs,  overlain 
by  the  heavy  Oeage,  or  Angosta  limestones,  for  practically  the 
same  distance  and  for  about  six  miles  np  the  Skunk  river.  They 
present  their  maximum  exposure  in  the  city  of  Burlingt<m  ait 
Prospeot  Hill,  aiud  at  Cascade  in  the  bluffs  and  in  the  pit  of  the 
Granite  Brick  Company.  According  to  Keyes,  and  Weller,  the 
Kinderhook  section  at  Prospect  Hill  is  as  follows : 

SECTION  AT  PROSPECT  HILL.  BUBLIMGTON. 

FBBT. 

12.    Loe68 16 

11.    Till;  yellowiah  browB  clay,  with  pebbles  and  amall  bowlden.  8 

10.    limestone,  white,  thinly  bedded 10 

9.    Chert  and  siliceoas  shalea   with  thin,    irregular   limestone 

beds,  white  and  red  in  color 20 

8.    Limestone,  brown  and  white,  rather  heavily  bedded,  coarse- 
grained, sub-cry staUme;  beooming  more  thinly  bedded  and 

cherty  above 26 

7.    Soft,  buff,  gritty  limestone ^ 

6.    White  oolitic  limestone 2-4 

5.    Fine-grained,  yellow  sandstone 6-7 

4.    Fine-grained,  compact,  fragmental  gray  limestone 12-18 

3.    Thin  band  of  hard,  impure,  limestone  filled  with  Ghonetes; 

sometimes  associated  with  a  thin  oolite  band i^ 

2.    Soft,  friable,  argillaceous  sandstone,  sometimes  harder  and 
bluish  in  color,  filled  with  fossils  in  the  upper  portion,  the 

most  abundant  of  which  is  Chonopectua  fiseheri 25 

1.    Soft  blue  argillaceous  shale  (exposed) 60 

Number  7  is  eomewbiat  earthy  and  magnesian  and  ordinarily  is 
not  snfficieirtly  indurated  to  be  nsed  as  a  quarry  rock.    In  the 
Qovemment  quarries  below  Cascade  it  has  been  taken  out  for 
use  in  the  river  improvemenit  work.    The  oolite  is  not  consiiant 
in  thickness  but  ranges  from  one  and  one^half  to  four  feet.    It 
is  usually  fairly  massive  and  compact  and  when  properly  selected 
has  proven  eatisfactory  as  a  dimension  stone.    It  api)ears  to  be 
persistent  as  it  has  been  seen  along  Fliut  river  and  south  as  far 
as  Patterson.    Numbers  2  to  4  inclusive  are  usually  not  suffi. 
ciently  indurated  to  be  used  as  quarry  stone.    Number  4  espec^ 
ally  is  oftentimes  very  friable  and  is  to  some  extent  a  sonrc^ 
of  building  and  molders '  sand.    The  shale  is  by  far  the  most  in^^ 
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portant  member  from  a  geological  and  also  from  an  economic 
standpoint.  It  is  a  massive  deposit  ranging  from  blue  to  blue- 
gray  in  color,  almost  gritles'S.  The  beds  are  almost  non-fissile, 
high  in  silica  and  comparatively  low  in  alumina.  They  show  an 
increase  in  silica  upward  and  grade  almost  insensibly  into  a 
soft  argillaceous  sandstone  above.  The  shale  shows  a  maximum 
exposure  of  sixty  feet  and  is  known  to  extend  at  least  one  hun- 
dred feet  below  the  water  level  in  the  river.  Average  samples 
were  selected  from  the  upper  and  lower  portions  as  exposed  in 
the  pit  of  the  Granite  Brick  Company  at  Cascade.  The  results 
are  given  below : 

Top  of  Pit.    Bottom  of  Pit. 

Rilica 77.39 71.78 

Alumina 5.16 11.41 

Ferric  oxide 2.40 3.35 

Lime 3.65 3.18 

Magnesia : 3.13 3.80 

Potash 1.44 0.86 

Soda 2.79....!...  0.78 

Sulphur  trioxide .' 1.30 1.25 

Loss  on  ignition 2.90 3.69 

Moisture  at  100°  C. 0.13 0.42 

At  Hannibal,  Mis-aouri,  the  Kinderhook  shales  are  used  exten- 
sively in  the  manufacture  of  Portland  cement,  and  there  is  no 
good  reason  why  the  beds  in  the  vicinity  of  Cascade  are  not 
suitable  for  the  same  purposes.  Their  area  of  outcrop  above  the 
river  flood  plain  is  very  limited,  but  occasional  areas,  such  as 
along  the  lower  course  of  Flint  river,  are  available. 

The  non-resistant  character  of  the  Kinderhook  beds  is  in  very 
large  measure  responsible  for  the  steep  bluffs  which  face  the 
Mississippi  river  and  larger  tributaries. 

FRANKLIN  COUNTY. 

The  Carboniferous  rocks  present  in  the  county  belong  to  the 
Kinderhook  stage.  In  the  eastern  portion  of  the  county,  beyond 
the  border  of  the  Wisconsin  drift,  Kinderhook  rocks  are  exposed 
along  the  channels  of  all  the  principal  streams.  The  rocks  of 
this  stage  consist  in  this  county  of  limestones  and  shales,  the 
former  varying  from  soft,  marly,  argillaceous  beds  containing 
large  quantities  of  chert,  to  compact,  partially  crystalline,  fossil- 
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iferans  or  semi-obliitic  dolomke.  The  shales  itange  from  mag- 
nesian  and  ealoareous  beds  whidh  in  many  instanoes  represent 
the  firmer  limestones  in  a  state  of  decay,  to  typical  yellow  or 
bluish  plastic  clays. 

Weathered  Kinderhook  limestone  appears  along  Bailey  creek 
in  Richland  township.  Along  Otter  creek  these  beds  are  alec 
exposed  almost  continuously  from  section  30  of  Boss  to  its  union 
with  Hartgrave  creek  in  Ingham  township.  One  mile  west  of 
Chapin  at  the  -southwest  comer  of  section  29,  limestone  is  quar- 
ried.   The  following  section  may  be  viewed : 

VBET. 

3.    Thin  drift  Boil 1 

2.    Badly  weathered  and  iron  stained  argillaceous  limestone 7 

1.  Regularly  hedded  hlue-gray  to  sugary-brown  dolomitic  lime- 
stone, containing  Orthothetes,  related  to  O.  inequalis  Hall, 
and  Orthis  (?) ,  exposed 8 

This  quarry  is  worked  by  Mr.  Wm.  Low.  A  quarry  face  eight 
to  ten  rods  in  length  is  open.  The  usable  portion  of  the  section 
is  covered  by  six  to  eight  feet  of  argillaceous  weathered  rock 
which  must  be  removed  by  stripping.  The  lower  beds  are  regu- 
lar and  the  individual  layers  vary  from  six  to  eighteen  inches  in 
thickness.  The  stone  is  granular  and  fossiliferous  and  ranges 
from  brown  to  blue-gray  in  color.  It  yields  readily  to  shaping 
for  dimension  work  and  affords  the  most  durable  building  stone 
now  produced  in  the  county.  A  moderate  local  demand  is  sup- 
plied, none  as  yet  being  shipped. 

Ledges  of  this  rock  form  the  east  boundary  of  Otter  creek  val- 
ley and  appear  for  some  distance  both  north  and  south  on  both 
sides  of  ttie  stream.  Outcrops  are  to  be  found  in  the  vicinity 
of  Buffalo  creek  in  section  36  of  Richland  township,  and  section 
31  of  Ross ;  it  is  also  found  along  the  west  side  of  section  6,  and 
across  sections  5  and  4  of  Mott  township,  where  the  bordering 
hills  are  all  supported  by  the  limestone,  which  stands  twenty- 
five  feet  above  the  stream.  Throughout  the  remainder  of  its 
course  in  Mott  and  Ingham  townships.  Otter  creek  valley  is 
bounded  by  limestone  walls,  and  evidences  of  the  presence  of 
limestone  are  to  be  seen,  aside  from  natural  outcrops  and  hill- 
side taJus,  on  nearly  every  section  line  where  the  public  high- 
way crosses  this  creek. 


I 
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Limestone  ifi  (also  found  along  Spring  creek  in  sections  21  and 
22,  and  along  Sqnaw  creek  in  the  city  of  EDampton.  Stone  has 
long  been  quarried  in  the  north  part  of  the  town.  A  poor  grade 
of  limestone  is  now  being  used  from  a  new  opening  a  few  hun- 
dred yards  west  of  the  cemetery.  This  opening  shows  the  fol- 
lowing section: 

FBBT. 

8.    Earthy,  shattered  and  iron  stained  limestoDe  with  ntunerons 

bands  of  chert 6 

2.  Thin-bedded,  earthy  limestone  permeated  with  ^lert  in  bands 

and  irregular  concretions;  somewhat  cavemoas,  brachiopod 
impressions  preserved  in  chert 0} 

1.  Heavier  bedA  (6-^  inches)  and  less  chert,  caverns  lined  with 

botryoidal  calcite 7 

m 

The  rock  is  weathered  and  contains  intermittent  bands  of 
chert,  which  cause  it  to  break  very  irregularly.  It  is  used  for 
only  the  rougher  masonry  work  and  would  not  give  satisfaction 
in  exposed  positions. 

There  are  innumerable  exposures  of  the  lower  limestones,  and 
occasionally  of  the  shaly  beds,  not  in  the  immediate  vicinity  of 
the  streams,  in  the  north-central  part  of  Ingham  and  in  the  cor- 
ners of  Mott  and  Ross  townships,  where  the  main  features  of  the 
.topography  are  expressed  in  these  older  rocks.  In  the  northeast 
quarter  of  section  28,  Ingham  township,  south  of  the  railroad 
track,  a  small  quarry  is  opened  on  the  land  of  D.  W.  Mott.    The 

sequence  is : 

I 

3.  Soil  and  decayed  limestone 4 

2.  Plastic,  light  blue  shale  with  very  thin  bands  of  limestone  ...        2 
1.     Fostiiliferous,  crystalline  brown  dolomitic  limestone,   exposed       8 

The  beds  are  much  rifted  horizontally  and  fractured  by  verti- 
cal joint  planes. 

On  Mayne  creek,  the  greatest  thickness  of  beds  is  to  be  seen 
near  the  north  side  of  section  21,  Beeve  township.  The  section 
is  partially  obscured  by  talus  materials,  but  it  is  approximately 
as  follows : 
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FBBT. 

8 .     Dri  f  t 8 

7.  Thinly  bedded   shattered  limestone  with  much  chert  in  oval 

nodules  and  more  or  less  persistent  bands. .     14 

6.     Heavier  bedded,    arenaceous    limestone,    carrying   chert  as 

above,  and  occasional  caverns  and  calcite  geodes 6 

5 .     Shaly  limestone  with  bands  of  firmer  rock 12 

4.     Compact,  resistant  ledge  of  limestone 1 

8.  Argillaceous  limestone  containing    some  chalky   appearing 

chert  nodules  grading  into  No.  2 2 

2.     l^'irmer  but  weathered  and  iron  stained  limestone li 

1 .  Compact,  evenly  bedded  dolomitic  limestone 3i 

Judging  from  its  lithologic  character,  No.l  appears  to  be 
equivalent  to  the  rock  quarried  one  mile  west  of  Chapin.  In  the 
southwest  quarter  of  the  southeast  quarter  of  section  10,  Geneva 
township,  just  east  of  the  wagon  bridge  over  Mayne  creek,  is  a 
quarry  belonging  to  Mr.  Oren  Benson  of  Geneva,  which  exposes 
beds  as  follows : 

FEBT. 

4.     Soil U 

8.     Weathered  magnesian  limestone  with  abundant  small   flint 

nodules 5i 

2.  Heavy   bed  showing   no   lines   of  separation;  brown  where 

weathered  and  fossiliferous  (Productus  bearing  long  spmes 
being  very  abundant);  interior  of  large  blorkp,  light  in  color 
or  mottled  by  pink  interstitial  calcite,  distinctly   oolitic  in 

texture 10 

1 .     Calcareous  shale  resting  on  limestone 1 

A  few  feet  below  the  base  of  this  quarry  and  eight  feet  above 
the  w^Aer  in  the  creek  the  top  of  the  impervious  shales  is 
marked  for  some  distance  eastward  along  the  south  side  of  the 
valley  by  a  line  of  springs.  The  drift  covering  is  very  thin  and 
the  limestone  forms  a  ridge  extending  eastward  into  sections  11 
and  14,  In  a  quarry  near  the  north  boundary  of  section  14,  on 
the  land  of  Mr.  H.  H.  Andrews,  the  same  succession  of  strata 
may  be  observed  as  noted  above  in  section  10.  The  beds  are  here 
broken  by  vertical  jointing  which  in  places  has  produced  open 
fissures  six  to  eight  inches  in  width.  Unweathered  samples  of 
the  lower  stratum  show  an  abundance  of  crystals  of  iron  pyrite. 
The  limestone  rests  on  yellow  shale  which  is  exposed  in  the 
trench  cut  by  a  small  stream  a  few  hundred  yards  from  the 
quarry. 
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The  Kinderhook  limestone  is  removed  for  local  use  at  a  large 
nmnber  of  other  points  in  Ingham,  Geneva  and  Osceola  town- 
ships, but  at  the  above  mentioned  two  localities  only  have  quarry 
openings  been  made  of  sufficient  extent  to  «how  the  nature  of  the 
unweathered  rock.  Away  from  the  weathered  parts  the  rock  is 
light  in  color  and  compact,  and  resembles  in  general  appearance 
the  Bedford  stone.  In  natural  outcrops  this  bed  separates  into 
numerous  laminae,  each  a  few  inches  thick,  but  where  newly  ex- 
posed, slabs  of  almost  any  desired  size  can  be  obtained. 

A  small  amount  of  stone  is  removed  each  year  from  these 
quarries.  It  is  believed  that  continued  development  might  open 
up  unweathered  portions  of  the  bed  which  would  furnish  very 
good  building  stone.  It  seems  likely  also  on  account  of  the  ex- 
treme thinness  of  the  drift  that  prospecting  along  Mayne  creek 
in  this  vicinity  would  discover  places  where  it  would  be  possible 
to  obtain  desirable  stone  thaJt  is  not  buried  beneath  so  great  a 
thickness  of  weathered  residuum  which  must  be  removed. 

GRUNDY  COUNTY. 

Grundy  county  is  covered  by  a  thick  mantle  of  glacial  debrie 
and  the  only  exposures  of  indurated  rock  known  appear  along 
Wolf  creek  near  the  southern  border.  The  only  quarry  worthy 
of  the  name  is  located  just  south  of  the  Chicago  and  Northwest- 
em  Bailway  depot  in  Conrad,  on  the  south  bank  of  Wolf  creek. 
The  following  <section  is  exposed : 

CONRAD  SECTION. 

FBET. 

5.     Drift  (modified  Kansan  probably) 5 

4.  Limestone,  residual,  consists  chiefly  of  cherty  concretions 
embedded  in  a  matrix  of  greenish  clay  streaked  and  mottled 
with  ferruginous  and  marly  material 3 

3.  Limestone,  slightly  oolitic,  composed  essentially  of  a  shell 
breccia  almost  identical  with  No.  1,  in  the  Eagle  City  section 
in  Hardin  county 4 

2.     Limestone,  hard,  sub-crystalline,  containing  numerous  brach- 

iopod  casts « 2 

1.  Limestone,  typical  oolite  in  heavy  beds;  a  Straparollus  and  a 
turreted  form  of  gastropod  were  noted,  also  numerous 
brachiopod  casts 5 

The  base  of  the  section  is  about  four  feet  below  the  Chioago 
and  Northwestern  railway  track  aoid  1,010  feet  above  tide. 
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l%e  bed«  exposed  here  may  be  eorrekited  with  the  upper  oolite 
m  Ihe  Man^all  eomsty  sections  exposed  in  the  qtiBrries  at  Boek- 
ton,  Quany,  LeGrand  and  Timber  creek,  and  also  in  Ihe  Eagle 
City  section  in  Hardin  county.  The  Conrad  quarry  has  been 
operated  more  or  less  continuously  for  a  number  of  years.  The 
limited  outcrop  and  rapid  iMckening  of  the  drift  compos  one 
to  conclude  thajt  the  quarry  industry  will  never  attain  much 
development  in  the  county. 

HARMN  COUNTY. 

While  the  Kinderhook  beds  are  supposed  to  comprise  the 
country  rock  over  a  considerable  portion  of  the  surface  in  Hardin 
county,  good  exposures  are  confined  to  the  immediate  vicinity  of 
the  Iowa  river  from  Gifford  south  to  the  county  line,  and  from 
Eagle  City  to  Alden.  Quarries  have  been  opened  at  several 
points,  notably  at  Gifford,  Eagle  City,  Iowa  Falls  and  Alden. 
Only  those  at  the  two  latter  places  are,  or  promise  to  be,  of  more 
than  local  importance.  The  beds  exposed  exhibit  two  well 
marked  fajcies ;  an  upper  brown,  earthy  to  sugary  dolomite,  and 
a  lower  white  to  gray  limestone.  The  latter  often  contains  layers 
semi-oolitic  in  character  above  and  argillaceous  to  arenaceous 
below.  At  Iowa  Falls  there  appears  to  be  a  decided  arching  up 
of  the  strata  and  a  maximum  section  of  eighty  feet  is  exposed  in 
the  river  gorge.  The  limestone  beds  are  known  to  rest  on  shales 
or  arenaceous  s'hales  believed  to  be  continuous  with  those  which 
outcrop  along  the  Mississippi  river  at  Burlington  and  which 
underlie  the  limestone  series  in  Marshall  county.  The  section 
exposed  along  the  river  and  along  Rocky  run,  its  leading  tribu- 
tary, at  Iowa  Falls,  is  given  below  and  comprises  one  of  the  most 
important  Kinderhook  sections  in  central  Iowa. 

IOWA  FALLS  SECTION. 

FBBT. 

6.  Drift,  reduced  to  a  heterogeneons  mixture  of  bowlders  and 
fragmeutfl  of  country  rock  at  the  face  of  the  escarpment  but 
thickens  greatly  in  the  bluffs.  Considerable  areas  are 
practically  without  a  drift  covering 0-80  - 

5.  Dolomite,  brown,  saccarhoidal,  heavy-bedded  below,  but 
thimier-bedded  and  much  shattered  above;  often  exhibits  an 
earthy  fracture  when  weathered.  Numerous  casts  of 
Straparollus  obiuBus  present  in  places 20-^ 
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FBET. 

4.  Limestone,  light  gpray,  composed  largely  of  shell  breccia  and 

containing  a  brachiopod  fauna;  has  a  mealy  appearance, 
but  on  close  inspection  is  found  to  be  but  slightly  oolitic ...        5 

3.  Limestone,  gray-brown,  is  finer  textured,  more  compact  and 

evenly  bedded  than  the  above 3 

2.  Limestone,  light  gray;  weathers  white  and  so  appears  in  the 

gorge  walls,  exhibits  a  conohoidal  fracture  and  is  heavy- 
bedded. 5 

1.  Limestone,  shaly  to  slightly  arenaceous  in  certain  layers,  in 

places  forms  a  slight  re-entrant  in  the  cliff  walls;  exposed 
above  water  level .' 5-10 

The  most  important  quarries  ere  situated  east  of  town  on  the 
river.  The  Ellsworth  Stone  Company  is  operating  a  quarry  on 
the  northeast  side  of  the  river,  which  was  formerly  known  as  the 
Biggs  quarry.    The  sequence  of  beds  is  as  follows : 

THB  ELLSWORTH  STONE  OOMPANT'8  QUARRY  SECTION. 

FBBT. 

6.    Drift,  very  thin;  consists  chiefly  of  a  bowldery  gravel 0-3 

5.  Dolomite,  brownish  buff,  much  weathered  in  places  and  pre- 

sents an  arenaceous  or  earthy  facies 4 

4.  Limestone,  white,  oolitic,  fossiliferous 6 

3.  Limestone,  blue,  compact,  of  firm  texture  and  very  brittle  ...        3 

2.  Limestone,  white,  lower  three  feet  very  compact  and  brittle; 

fracture  conchoidal  to  uneven,  contains  numerous  blebs  of 

crystalline  calcite;  almost  lithographic  in  texture 6 

1.    Limestone,  gray,  dolomitic,  very  slightly  arenaceous  to  argil- 
laceous, exposed , 5 

The  usual  method  of  quarrying  is  to  drill  deep  holes  vertically 
nearly  parallel  to  the  face  of  the  diff,  and  th^i  to  use  heavy 
charges  of  explosives  to  shoot  loose  the  ledges.  An  ordinary 
chum  drill  is  used  with  a  traction  engine  for  power.  This  leads 
to  great  sthattering,  and  scarcely  more  than  IMrty  per  cent  of  the 
entire  section  can  be  need  for  dimension  atone.  A  large  propor- 
tion of  the  remainder  was  formerly  considered  to  be  waste  mate- 
rial and  was  thrown  into  the  river.  This  wb43  true  not  only  of  the 
quarries  here,  but  of  those  near  Alden.  At  the  present  time  a 
large  crusher  of  the  Gates  type  has  been  installed  and  the  entire 
assemblage  of  beds  is  utilized.  In  fact,  dimension  stone  and 
rubble  stone  are  only  incidental  products  in  the  production  of  the 
various  grades  of  crushed  stone. 
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Southwest  of  the  Elfeworth  plant,  on  the  opposite  side  of  the 
river  where  the  river  turns  toward  the  east,  the  Barber  Asphalt 
Company  has  opened  a  quarry  and  installed  a  modem  crusher 
plant.  The  beds  developed  are  similar  to  those  in  the  preceding 
section,  but  higher  in  the  series.  The  principal  part  of  the  sec- 
tion being  developed  at  the  present  time  consists  of  earthy 
dolomite  which  affords  an  inferior  grade  of  crushed  stone. 

West  of  Iowa  Falls  the  Lower  Carboniferous  rocks  are  much 
more  rifted  and  shattered  than  to  the  eastward,  and  the  lime- 
stone layers  become  sub-crystalline  in  texture.  The  stone  takes 
a  good  polish,  possesses  a  pleasing  color,  and  if  large  blocks 
could  be  obtained,  the  rock  would  possess  great  value  for  orna- 
mental and  structural  purposes.  Unfortunate  it  is  that  the  same 
agency  which  produced  the  partially  crystalline  structure,  so 
essential  in  marbles,  was  also  responsible  for  the  shattering  and 
rifting  of  the  beds.  In  fact  the  marbleization  was  rather  a  result 
of  the  rough  usage  to  which  the  beds  were  subjected.  The  beds 
continue  shattered  and  flub-cry^talline  in  texture  to  the  point  of 
their  disappearance  beneath  the  drift  at  Alden.  Formerly  the 
Ivanhoe  Quarry  Company  put  in  a  steam  crusher  and  operated 
quite  extensively  near  the  C.  and  N.  W.  railway  tracks  on  sec- 
tion 16,  in  Hardin  toTvnship.  The  building  containing  the  ma- 
chinery burned  down,  and  the  plant  has  long  since  been  dis- 
mantled and  abandoned.  The  beds  exposed  at  this  point  are  as 
follows  : 

IVANHOE  SECTION. 

FBBT. 

3.    Drift  (of  great  depth  in  the  bluff) 0-3 

2.     Limestone,   grayish   white,   sub-crystalline,   very    hard    and 

much  shattered;  thinly  bedded 20 

Apparently  a  local  unconformity, 
1.    Limestone,  much  disintegrated  and  cavernous.     In  places  a 
residual  clay  appears  between  1  and  2.      Surface    very 
uneven,  exposed 6 

Westward  from  the  Ivanhoe  qnarries  to  Alden,  the  river  flows 
between  low  limestone  walls  varying  from  ten  to  thirty  feet  in 
height.  These  limestone  barriers  are  almoet  cut  out  in  one  or 
two  places  by  CJoal  Measure  outliers.  In  Alden  the  beds  greatly 
resemble  a  portion  of  the  Ivanhoe  section.  The  beds  are  as  fol- 
lows : 
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ALDEN  SECTION. 

FSBT. 

3.  Drift,    as  in    previous    sections,    is    thin   at  the  face  of  the 

scarp;  a  number  of  large  granitic  bowlders  were  noted 3 

2.  Limestone  more  or  less  evenly  bedded,  appears  to  be  litholog- 

ically  the  same  as  No.  1;  a  marly  or  shaly  band  separates  1 
and  2  generally 12 

1.  Limestone,   light  gray,   hard,  sub-crystalline  and  oolitic  in 

texture.  The  lower  four  feet  show  marked  cross-bedding; 
false  beds  dip  to  the  southwest;  the  upper  surface  is  some- 
what undulating  and  dips  gently  to  the  south 6 

Here,  as  in  the  preceding  exposures,  the  beds  are  much  rifted 
and  shattered.  Individual  layers  rarely  exceed  four  or  five 
inches  in  thickness,  and  two  well  developed  series  of  fissures  are 
visible.  The  fissures  of  the  major  series  trend  north  and  south, 
and  are  apparently  parallel  to  the  corrugations,  while  those  of 
the  minor  series  stand  approximately  at  right  angles  to  the 
folds.  Genetically  the  two  series  probably  form  but  one  great 
system  and  were  formed  at  the  time  of  rock  crushing. 

North  of  Alden,  the  indurated  rocks  dip  rapidly  and  were  not 
observed  beyond  the  corporate  limits  of  the  town. 

Eastward  of  the  Falls  limes'tone  ledges  are  more  or  less  con- 
tinually present  to  Eagle  City  whfere  the  following  section  is 
exposed : 

FBBT, 

5.    Drift,  exposed 5-10 

4.  Dolomite,   yellowish  hrown,  much  shattered  where  viewed; 

contains  a  few  siliceous  nodules 10-25 

3.  Limestone,  gray,  sub-crystalline  and  semi-oolitic li 

2.  Dolomite,  yellow  to  gray,  sugary '   3 

1.    Limestone,  gray,  oolitic;  very  similar  to  the  Bedford  oolite  in 

texture,  and  also  to  the  oolite  exposed  at  Conrad,  in  Grundy 
county 4 

The  base  of  the  section  is  about  five  feet  above  low  water  in 
the  river.  These  indurated  beds  support  a  bench  which  rises 
forty  or  fifty  feet  above  water  level  and  continues  some  distance 
on  either  side  of  the  wagon  bridge.  Beyond  Eagle  City,  the  beds 
disappear  rapidly  and  the  surface  outcrops  of  the  Kinderhook 
beds  are  almost  entirely  obscured  by  glacial  debris  and  CJoal 
Measure  talus.  At  Hardin  City,  Steamboat  Bock  and  one  or 
two  poinlys  between,  No.  4  of  the  Eagle  City  section  is  visible  and 
rises  some  six  or  eight  feet  above  the  water  level.    In  all  cases 
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it  is  greatly  weathered  and  sjnaitered,  making  its  identity  difficult 
to  establish.  Beitween  Steamboat  Bock  and  Eldora,  the  Lower 
OarbonifeiH>n6  passes  entirely  below  the  stream  channel,  bnt 
rises  again  immediately  sonth  of  the  wagon  road  bridge  at 
Eldora.  Going  down  stream  from  the  Eldora  bridge  a  weathered 
dolomite  appears  in  the  stream-bed  and  also  in  the  right  bank 
abon^t  sixty  rods  below  the  road  crossing.  The  ledges  rise  eight 
feet  above  the  water  and  appear  to  be  identical,  both  litholog- 
ioally  and  fiannally,  with  the  upper  member  at  Iowa  Falls.  These 
beds  api)ear  more  or  less  interruptedly  from  this  point  to 
Union,  forming  low  benches  on  one  or  both  sides  of  the  river. 
At  Xenia,  and  again  between  Gifford  and  Union,  the  white  lime- 
crtone  member  is  visible.  The  maximum  exposure  is  south  of 
Gifford,  near  a  small  stream  which  enters  the  Iowa  from  the 
west.    The  beds  exposed  to  view  are : 

•  PBBT. 

4.    Drift  and  wash 0-3 

3.    Limestone,  light  gray;  white  when  weathered 0-9 

2>    Dolomite,   yellowish  brown,   much  shattered  and  anevenlj 

bedded 6-8 

1.    Dolomite,  red-brown,  heavy  but  unevenly  bedded,  exposed  . .  4-6 

Nnmbers  1  and  2  are,  in  a  sense,  complem^itary.  Where  one 
thins  the  other  thickens  and  the  two  aggregate  twelve  feet  ex- 
posed. Not  the  slightest  trace  of  organic  remains  conld  be  found. 
Southward  and  southeastward  the  beds  are  cut  out  within  100 
yards  by  the  C!oal  Measure  shales  only  to  come  into  view  again 
a  quarter  of  a  mile  down  the  branch  on  the  terrace  of  the  Iowa. 
Beyond  Union  the  Kinderhook  beds  are  carried  below  the  river, 
but  reappear  west  of  Liscomb  in  Marshall  county. 

HUMBOLDT   COUNTY. 

The  Einderhook  limestone  beds  outcrop  near  the  Minneapolis 
and  Saint  Louis  railway  in  the  southern  part  of  the  city  of  Hum- 
boldt and  present  an  almost  continuous  exposure  on  the  river  for 
more  than  a  mile.  The  same  beds  outcrop  near  the  Chicago  and 
Northwestern  railway  north  of  the  city,  and  near  Eutland  about 
five  miles  to  the  northwest.  The  section  exposed  below  the  dam 
in  Humboldt  is  given  below : 
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i.    Alluvial  wuh,  Tftrikble  in  thickness;  oC  top  of  terrace  abont       3 

3.    Limestone,  oolitic,  ratber  coarse- grained,  gray  to  whit« 10 

2.    Limeetoae,  compact,  gray-white,   a  gradation  from  No.  1, 

but  fewer  foeiils  present  and  appaienlly  less  brecciated 2 

1.  Limestone,  brecciated  and  filled  with  casta  of  foesilB,  chiefly 
brachiopoda,  very.compBGt  and  brittle  in  ontcropi  bedding 
planes  not  apparent;  exposed  above  low  water 4 

The  section  rises  toward  the  town  and  the  oolite  probably 
shows  a  greater  thickness  than  is  indicaited  in  the  above  section. 
All  of  the  beds  dip  perceptibly  up  stream.  An  average  sample 
wias  taken  from  the  above  seotion  and  analyzed.  Tibe  result  is 
givrai  below : 

Insoluble 0.50 

Iron  oxide  and  alumina l.l:t 

Calciam  carbonate 97.20 

Hagnesiam  car&onate *. . . .  2.00 

Total 100.82 

Analyzed  by  A.  0.  Anderson,  from  sample  collected  by  C.  H.  Moi^an. 

At  Rutland,  along  the  south  bank  of  the  river,  is  one  of  tihe 
most  conepicuous  rock  exposures  in  l^e  county.  The  seotion 
exposed  here  is  oorrelajted  by  itacbride  with  the  lower  beds  in 
the  Hnmboldt  seotion.    The  ledges  are  nearly  in  horizontal  posi- 
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tion,  attain  a  maximum  of.  twenty  feet  in  thickness,  and  oan  be 
traced  about  one  mile  east  where  they  disappear.  Westward 
they  give  place  to  the  Saiiqt  Louis  in  section  23  in  Avery  town- 
ship. Outcrops  apparently  referable  to  the  same  horizon  are 
known  at  other  points  in  Rutland  township.  The  bedding  planes 
in  the  Rutland  limestone  are  not  very  apparent.  The  rock  breaks 
up  into  irregular  sharp  angled  spalls  and  is  very  hard. 

The  Kinderhook  limestone  was  used  formerly  in  the  manu- 
facture of  lime  for  local  use,  but  no  lime  is  produced  at  the 
present  time. 

MARSHALL  COUNTY. 

The  Kinderhook  immediately  underlies  the  drift  over  the 
northeast  one-third  of  Marshall  county,  and  extensive  outcrops 
may  be  viewed  along  the  Iowa  river  in  the  vicinity  of  Quarry 
and  LeGrand,  along  Nicholson  creek  at  Rockton,  and  on  Timber 
creek,  about  two  and  one^half  miles  southwest  of  Quarry.  All  of 
the  leading  exposures  are  near  the  trunk  lines  of  railway  which 
cross  the  county,  and  all  are  connected  by  switches  extended 
from  these  lines. 

In  the  southeastern  portion  of  the  state,  there  are  extensive 
outcrops  of  the  Kinderhook,  notably  at  Burlington,  which  con- 
sist of  shale,  fine-grained  sandstone,  and  sub-crystalline  lime- 
stones, of  which  the  first  and  last  members  are  the  most  im- 
portant. In  Marshall  county,  the  calcareous  beds  greatly  pre- 
dominate. Five  fairly  well  defined  divisions  can  be  recognized 
readily,  the  lowest  member  of  which  is  a  shale  which  resembles 
the  shale  member  in  the  pit  of  the  Granite  Brick  Company,  at 
Burlington.  This  is  overlain  by  a  fine-grained,  blue  to  gray  cal- 
careous sandstone  which  is  in  turn  followed  by  beds  of  oolite. 
Above  the  oolite,  cherty  magnesian  limestones  are  present  in 
considerable  thickness,  and  completing  the  section  are  the  brown 
to  gray  sub-crystalline  limestones. 

The  Kinderhook  shales  are  not  exposed  in  Marshall  county, 
but  are  present  in  well  sections  which  penetrate  the  indurated 
rocks.  The  basal  member  exposed  is  the  fine-grained  sandstone 
which  appears  only  in  the  eastern  portion  of  the  county.  The 
leading  quarries  develop  the  oolite  and  the  magnesian  limestone, 
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although  all  of  the  members  above  the  shale  have  been  exploited 
to  some  extent.  The  most  extensive  section  in  the  connty  is  ex- 
posed north  of  LeGitand,  near  the  Iowa  river.  The  following 
sequence  of  beds  may  be  observed  at  this  point : 

FBBT. 

18.    Lo608|  intentratified  sands  and  silts  below 16 

17.    Bowlder  clay  oxidized  a  de^  brown  and  containing  bowl- 
ders much  decayed : 5-10 

16.    Limestone,  sub-crystalline,  pebbly . . ; /» ; * 3 

15.    Odlite  fine-grained,  with  many  brecciated  grains 4 

14.    Limestone,  gray,  slightly  odlitic 21 

13.    Limestone,  gray  above  and  yellow  below . . 2 

12.    Limestone,  buff,  magnesian,  rather  heavily  bedded,  bisected 

by  chert  band  about  four  feet  from  the  base 9 

11.    Limestone,  mixed  gray,  blue   and  buff,  breaks  very  irregu- 
larly (*'Brindle''  of  the  quarrymen)  really  an  intra-forma- 

tional  conglomerate 3i 

10.    Chert i 

9.    Limestone,   soft,  yellow,  arenaceous;  in  thin  layers;  earthy 

in  places 2i 

8.     Chert i 

7.    Limestone,  blue,  variegated  to  yellow-brown 6 

6.    Chert i 

6.    Fossil-breccia  with  lenses  of  crystalline  calcite 1 

4.  Limestone,  buff,  magnesian,  fine  even  texture  and  massive; 
cherty  concretions  scattered  promiscuously  throughout. 
One  quite  persistent  band  of  chert  about  four  feet  from  the 

base 12 

3.  Limestone,  blue,  variegated  to  brown,  hard,  conchoidal  frac- 
ture, in  heavy  layers 31 

2.    Oolite,  in  layers  14,  12,  8,  9,  6,  36,  26,  24  and  42  inches  in 

thickness 15 

1.    Sandstone,  fine-grained,  blue,  calciferous,  in  part  shaly,  ex- 
posed         10 

The  beds  dip  gradually  to  the  southwest,  and  as  the  ground 
rises  in  that  direction,  are  soon  carried  below  the  surface  of  the 
river.  Near  Indian  Town  in  Tama  county,  the  base  of  the  odlite 
lies  more  than  twenty  feet  above  the  water  level.  At  the  north- 
east quarry  above  LeGrand,  it  is  about  ten  feet  above  the  water 
level,  while  in  the  west  quarries,  both  the  oolite  and  the  sand- 
stone lie  below  the  bed  of  the  river.  At  the  west  quarry,  the 
upper  members  in  the  above  section  are  better  developed.  Num- 
ber 16  shows  a  thickness  of  about  twelve  feet.  At  Rockton  only 
numbers  14, 15  and  16  are  exposed,  and  the  beds  are  more  shat- 
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tered  and  weathered  than  their  equivalents'  in  the  LeOrand 
quarries.  The  section  exposed  near  the  Iowa  Central  railway  is 
second  only  in  importance  to  the  Quarry  and  LeGrand  sections. 
The  beds  exposed  are  as  follows : 


8.    Loess,  Bandy  below ^ 10 

7.    Bowlder  clay  (Kansan) 0 

6.    Limestone,  brown,  snb-crystalline,  thinly  bedded,  and  mbbly 

above,  heavier  below 8 

5.  Limestone,  yellow,  brittle,  with  occasional  small  caverns  dec- 
orated with  concretionary  calcite li 

4.    Limestone,  blae,  hard,  brittle 2 

3.    Oolite  in  three  layers,  8,  22  and  6  inches  resi>ectively 3 

2.    Limestone,  gray- brown,  with  layers  of  blue,   sub-crystalline 

limestone  interbedded 6 

1.  Limestone,  gray-blue,  close  textured,  soft  when  first  exposed, 
weathered  portion,  yellow;  layers  vary  from  6  to  18  inches, 
very  evenly  bedded,  magnesian 12 

The  oolite  in  the  Timber  creek  section  is  undoubtedly  the 
equivalent  of  the  oolite  exposed  at  Rockton,  and  the  upper  oolite 
of  the  LeGrand  section.  Numbers  1  to  6  in  the  Timber  creek 
section  find  their  counterparts  in  12  to  16  in  the  LeGrand  section, 
with  the  possible  exception  of  Number  5,  which  was  not  certainly^ 
recognized  farther  north  and  east. 

The  diflFerences  in  physical  properties  and  coloration  are 
largely  if  not  wholly  due  to  diflFerences  in  the  weathering.  The 
Timber  creek  beds  are  in  large  part  below  the  water  level,  and 
the  prevailing  colors  of  the  beds  developed  are  shades  of  blue 
and  gray,  while  the  tones  of  yellow  and  buflF  which  prevail  in  the 
east  quaries  at  LeGrand  are  believed  to  have  been  brought 
about  through  the  action  of  weathering  agencies.  The  hardness 
of  the  Timber  creek  stone  increases  materially  on  exposure. 

Kinderhook  beds  are  also  exposed  northwest  of  Liscomb,  near 
the  center  of  section  2. 

Quarry  Industry. 

The  Kinderhook  beds  have  been  exploited  mainly  in  the  vicin- 
ities of  Quarry  and  LeGrand,  and  Timber  creek.  Quarries  were 
operated  formerly  at  Eockton,  but  have  been  abandoned  for  some 
years.  Stone  has  also  been  taken  out  along  the  river,  near  Lis- 
comb, for  local  use  only. 
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LE  GRAND  QUARRY  COMPANY. 

The  pioneer  in  the  quarry  industry,  as  wdl  as  the  largest  com- 
pany operating  in  the  county  lat  the  present  time,  is  the  Le  Grand 
Quarry  Company,  with  its  central  oflSce  in  Marshalltown.  The 
company  owns  and  operates  quarries  at  Quarry  and  Timber 
creek. 

Quarry.  Three  quarries  are  connected  with  the  C.  &  N.  W. 
railroad,  by  branch  lines  at  this  point.  Active  operations  were 
begun  as  early  as  1860,  when  a  limited  quantity  of  building  stone 
and  lime  was  produced.  Two  years  later  the  railway  tracks 
were  extended  into  the  quarries,  and  the  company  has  operated 
continuously  ever  since.  The  manufacture  of  lime  was  discon- 
tinued some  years  ago. 

The  quarry  plant  is  provided  throughout  with  the  most  ap- 
proved machinery.  The  equipment  consists  of  a  steam  crusher, 
gang  mills,  steam  drills,  derricks,  lathes  and  planers ;  and  quar- 
rying and  stone  working  are  carried  on  according  to  modem 
methods.  The  LeGrand  beds  in  their  entirety  have  been  ex- 
ploited to  some  extent,  though  the  position  of  the  blue  sand- 
stone renders  it  almost  unavailable  at  present.  (See  LeGrand 
section.)  The  oolite  and  upper  magnesian  limestone  layers  af- 
ford the  most  valuable  products,  although  the  chert  beds  and 
shattered  limestones  along  with  the  debris  consequent  to  quarry 
operations,  are  worked  up  into  riprap,  concrete,  railway  ballast, 
etc.,  and  constitute  an  important  source  of  revenue  to  the  com- 
pany. 

The  chief  building  stones  put  upon  the  market  are  known  com- 
mercially as  oolitic  limestone,  Iowa  marble,  Iowa  caen  stone, 
and  blue  limestone. 

The  basal  blue  'sandstone  has  not  been  suflficiently  explored  and 
tested  to  warrant  definite  statement  as  to  its  merits  as  a  struct- 
ural material.  Small  quantities  of  the  stone  have  been  re- 
moved from  the  east  quarries  and  used  as  paving  in  the  streets 
of  Marshalltown  with  some  promise  of  satisfactory  results. 

There  are  two  grades  of  oolitic  limestones.  The  lower  layer 
measures  three  and  one-half  feet  in  thickness  and  is  coarse 
grained.  The  upper  twelve  feet  is  of  finer  texture  and  consists 
of  layers  of  the  following  thicknesses,  respectively,  from  below 
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upwards:  24,  26,  36,  6,  9,  8,  12,  and  14  inches.  The  oolite  is 
Quarried  only  at  the  two  east  quarries,  the  dip  of  the  beds  and  tlie 
slope  of  the  river  carrying  the  layers  below  the  bed  of  the  stream 
before  the  west  quarry  is  reached.  Formerly,  the  coarse,  heavy 
basal  layer  was  used  for  constructional  purposes,  but  of  recent 
years,  experience  has  demonstrated  that  it  suffers  disintegra- 
tion when  exposed  for  a  season  to  atmospheric  conditions*  The 
fine-grained  layers  are  close,  even-textured,  and  stand  the  test 
of  time  well.  This  is  shown  not  only  in  artificial  structures  where 
the  blocks  have  maintained  their  angularity  against  sunshine 
:md  storm  for  more  than  a  quarter  of  a  century,  but  better  still 
in  the  natural  exposures  where  these  layers  stand  out  in  bold 
relief.  The  oolite  is  composed  of  small,  rounded,  concretionary 
calcareous  grains  embedded  in  a  semi-crystalline  matrix  of 
cementing  material  of  the  same  composition.  Many  of  the  con- 
cretions contain  small  angular  siliceous  grains.  The  unaltered 
rock  is  of  a  gray-blue  color,  while  the  weathered  portion  assumes 
a  yellowish  hue.  Certain  of  the  layers  are  highly  fossiliferous, 
and  take  a  high  polish.  This  variety  is  known  commercially  as 
fossilite  marble,  and  is  much  prized  for  interior  decorative  pur- 
poses. Such  slabs  need  to  be  selected  with  some  care,  for  small 
grains  of  iron  pyrite  are  often  present  and  produce  brown  stains 
when  exposed  to  the  weather. 

The  upper  portion  of  the  magnesian  limestone  furnishes  both 
the  Iowa  ** marble"  and  the  Iowa  carbonate  *'caen  stone,"  the 
former  containing  a  higher  percentage  of  magnesia  than  the 
latter.  The  Iowa  marble  occurs  in  heavy  beds  from  two  to 
three  and  a  half  feet  in  thickness.  The  unweathered  or  slightly 
weathered  portions  are  plain,  light  buff  in  color,  while. the  weath- 
ered layers  are  of  a  deeper  color  and  beautifully  veined  with 
iron  oxide.  The  stone  receives  a  high  polish,  but  like  other  lime- 
stones, does  not  retain  it  when  exposed  to  atmospheric  agencies. 
It  is  used  extensively  for  paneling  and  all  sorts  of  inlaid  work, 
and  gives  good  satisfaction  when  kept  dry.  It  also  makes  a 
first  class  dimension  stone. 

The  oaen  stone  is  similar  in  color  to  the  marble,  but  it  is 
softer,  more  tenacious  and  of  lower  specific  gravity.  It  is  es- 
pecially adapted  for  carvings  and  moldings. 
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A  ledge  of  blue  limestone  lies  between  (the  chert  beds  and  the 
oolite  and  a  similar  ledge  immediately  overlies  the  chert  beds. 
This  limestone  is  very  hard,  compact  and  somewhat  irregularly 
bedded,  which  renders  quarrying  and  working  rather  difficult. 
The  »tone  is  used  to  some  extent  as  a  coursing  stone  and  is  very 
durable,  but  its  intractable  character  renders  its  production  ex- 
pensive, and  it  is  used  mainly  for  ballast  and  concrete. 

The  brown  sub-crystalline  limestone  with  its  interstratified 
oolitic  layers  affords  some  good  dimension  stone  and  would  be 
considered  desirable  for  foundations  in  regions  where  building 
stone  is  scarce,  but  by  far  the  greater  quantity  is  transported  to 
the  crusher. 

Timber  Creek.  The  LeGrand  Quarry  Company  has  also  de- 
veloped an  extensive  quarry  in  Timber  creek.  A  side  track  is  laid 
in  from  the  Iowa  Central  railway  and  the  plant  is  well  equipped 
with  modem  machinery.  The  beds  worked  are  the  same  as  those 
at  Quarry,  from  the  magnesian  limestone  upwards.  As  has  been 
mentioned,  the  magnesian  limestone  here  differs  in  color  from 
its  homologue  at  Quarry  and  LeGrand.  At  the  latter  places 
shades  of  buff  prevail,  while  at  the  Timber  creek  quarries  the 
chief  beds  are  a  gray-blue  with  occasional  layers  in  part  light 
yellow.  The  fact  is  emphasized  that  the  predominating  color  in 
the  unaltered  LeGrand  beds  is  a  gray-blue,  which  is  changed 
to  tones  of  buff  and  yellow  through  weathering  agencies.  Here 
as  in  other  places,  the  magnesian  layers  succumb  less  readily  to 
disintegrating  forces  than  the  associated  beds,  and  as  a  conse- 
quence stand  out  prominently  in  natural  quai:x'y  faces. 

The  upper  oolite  and  brown  sub-crystalline  limestone  are  of 
more  imjwrtance  here  than  at  the  exposures  along  the  Iowa 
river. 

TESTS  OP  THE  LEORAND  STONE.* 

The  principal  varieties  of  the  LeGrand  stone  were  subjected 
to  three  series  of  tests,  viz. : 

1.  Strength  and  ratio  of  absorption  to  determine  the  com- 
pactness of  the  stone,  and  hence  its  ability  to  withstand  the 
atmospheric  agencies. 

•  The  mechanical  tests  were  made  In  large  part  by  Messrs.  O.  W.  Zorn  and  J.  W  . 
Elliott  under  the  personal  supervision  of  Prof.  A.  Marston,  in  the  department  of  ClTll 
En^neering  of  the  Iowa  State  College.  The  chemical  analyses  were  made  for  the  Surrey 
by  Prof.  G.  E.  Patrick. 
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2.  Freezing  and  thawing  altemaAely,  and  carefully  noting 
the  loss  in  weight  and  strength;  and  hence  determining  the 
tendency  of  the  stone  to  disintegrate  or  weaken  under  the  action 
of  frost. 

3.  Chemical  analyses  to  determine  the  relative  amounts  of 
desirable  and  deleterious  constituents  present. 

The  two-inch  cube  was  used  throughout  because  of  its  con- 
venience in  handling  and  as  it  is  the  unit  generally  adopted 
by  investigators  along  this  line.  Great  care  was  exercised  in 
the  preparation  of  the  cubes  in  order  to  guard  against  the  pro- 
duction of  incipient  fractures  through  the  impact  of  tools  and 
the  consequent  lessening  of  the  atrength.  The  blocks  were  sawed 
out  with  the  diamond  saw  and  then  reduced  to  the  proper  dimen- 
sions by  grinding.  The  results  are  tabulated  in  the  subjoined 
tables. 
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GEOLOGY  OF  IOWA  QUARRY  PRODUCTS. 

TABLE  IV. 
CHEMICAL   ANALYSES  OF  LEGRAND   STONE. 


PROBABLE  COMBINATIONS. 


Constittients. 

• 

Fine-grained 
oolite. 

Blue  lime- 
stone. 

• 

Iowa  caen 
stone. 

Iowa  marble, 
plain. 

Iowa  marble, 
colored. 

Stratified 
limestone. 

Hygroscopic  water  (loss  at  100°  C.) . 
Combined  water  (expelled  by  igni- 
tion)   

0.03 

0.13 

0.77 
43.62 

0.05 
None 

0.09 
55.05 

0.28 

0.09 

0.21 
0.96 

43.30 
0.07 

None 
0.27 

54.85 
0.28 
0.08 

0.06 

0.15 
1.24 

43.79 
0.18 
0.15 
0.09 

50.56 
3.70 

0.04 

0.19 
0.80 

44.85 
0.14 
0.15 
0.19 

45.42 
8.21 

0.06 

0.12 
0.89 

44.76 
0.15 
0.31 
0.10 

45.39 
8.28 

0.04 
0.12 

Silica  and  insoluble 

1.22 

Carbonic  acid  (COj) 

43.85 

Alumina  (AlsOa) 

0.14 

Iron  (FeaOs) 

0.26 

Iron  (FeO) 

0.09 

Lime  (CaO) 

60.42 

Ma&rnesia  (MgO) 

3.96 

Manganese  oxide  (Calc.  as  MnO).... 
Phosphoric  acid 

Trace 

Trace 

Trace 

Totals 

100.02 

100.11 

99.92 

99.99 

100.06 

100.10 

Water 

0.16 

98.30 

0.59 

0.95 

0.30 

97.95 

0.38 

1.37 

0.21 
90.28 

7.77 

1.74 

0.23 
81.11 
17.24 

1.42 

0.18 
81.05 
17.39 

1.38 

0.16 

Calcium  carbonate  (CaCOg) 

Magnesium  carbonate  (MgCOs) 

Silica  and  silicates \ 

Alumina,  iron  oxide,  etc.  }  '"' 

90.04 
8.08 

1.72 

Totals 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

TAMA  COUNTY. 

While  the  Kinderhook  beds  are  believed  to  lie  immediately 
beneath  the  drift  over  practically  the  entire  comity,  outcrops 
are  limited  to  a  comparatively  small  area  along  the  niiddle  west- 
em  border. 

Essentially  the  same  members  which  have  been  noted  in  the 
better  sections  at  Quarry  and  LeGrand  in  Marshall  county  are 
exposed  in  Tama  county,  but  in  Tama  they  are  more  weathered. 
The  Stevens  quarry  near  the  southwest  comer  of  section  8  of 
Indian  Village  township,  about  one  and  one-fourth  miles  west  of 
Butlerville,  may  be  taken  as  fairly  typical.  The  section  is  as 
follows: 


TAMA  COUNTY. 


iDlM  at  cben. 

STEVENS  QUARRY  SECTION,  BUTLBRVILLE. 

X6.     Gray  crinoidal  UmeatODe  which  weathers  into  thin  pieces  ..        1 
14.     Crinoidal  limestone,  gray  in  color,    with    numerous  fossil 

fragments i 

13.     Fissile  limestone  in  thin  layers,  few  fossils 4 

12.     Brown  magnesian  limestone  with  layer  of  chert  nodules  two 

inches  in  thickness  at  the  top i 

II.     Bed  of  rather  soft,  friable  sandstone,   much  water  seamed 

and  containing  numerous  chert  nodules,  fossils  few 7 

10.  Arenaceo-magnesian  limestone,  fine-grained  and  quite  hard, 
brown  in  color,  layers  8  to  12  inches  in  thickness;  contain- 
ing caste  of  a  species  of  Chonetes,  Productus,  Ebyncbonella 

and  Spirifer 4 

9.     Bed  of  incoherent,  brown,  fine-grained  sand U 

5.  Band  made  up  of  chert  nodules i 

7.     Impure  arenaceo-magnesian  limestone,  few  fossils l-fw 

6.  Bed  composed  largtiy  of  nodules  of  chert  carrying  a  lajrer 

of  sand,  3  inches  in  thickness 1 

5.     Magnesianlimestonecontainingsome  fine-grained  yellow  sand        II 

4.     Bed  similar  to  number  S  above H 

3.  Layer  of  massive  oolit«  weathering  into  small  bits  and  bearing 
numerous  fossils  among  which  appear  Ortholhetea  crettiHra, 
Spirifer  biplicatua,  Spirifer  ef.  extenttatua  and  StraparoUus 
latus 7 
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FBBT. 

2.    Layer  similar  to  namber  3  above  in  lithological  charaoteri 

and  foBsil  contents *. 4i 

1.    La3rer  of  light  gray  oolite  similar  to  numbers  2  and  3  above       3 

The  oolite  rests  on  the  argillaceous  sandstone  exposed  in  other 
sections  in  the  vicinity  and  at  the  base  of  the  northea-st  quarry  at 
LeGrand.  The  beds  here  exposed  correspond  to  the  coarse-and 
fine-grained  oolite  and  the  magnesian  limestone  beds  of  the 
Marshall  county  sections. 

West  of  Montour  in  the  southwest  comer  of  section  21,  Ix^^ 
dian  Village  township,  there  are  exposed  in  a  small  ravine: 


3.    Reddish  brown  clay,  pebbly 4 

2.    Odiite,  light  gray,  fossiliferons 6 

1.    Oolite,  similar  in  every  respect  to  number  2  above 3^ 

This  is  the  abandoned  quarry  of  the  Oxford  Lime  Comj^^a^xn-y. 
The  oolite  was  formerly  used  in  the  manufacture  of  lime  £i;xnd 
considerable  quantities  were  made  at  this  place. 

Other  sections  appear  along  the  Iowa  river  toward  LeGr-^t-xi<i, 
and  along  Sugar  creek  in  Carlton  township  and  Deer  cre©l^  i^ 
Spring  Creek  township.    No  new  facies  are  presented. 

WASHINGTON  COUNTY. 

The  upper  magnesian  layers  of  the  Kinderhook  outcrop  su 


South  English  river  and  its  immediate  tributaries,  but  they  W::^'^^^ 
little  to  commend  them  for  structural  purposes.  They  have  T^^^^^^^ 
developed,  however,  to  a  limited  extent  near  Riverside  and 
sonville,  and  have  been  used  for  rough  foundation  work, 
curbing  and  even  for  bridge  stone,  ordinary  dimension  sr^^^^ 
and  caps  and  sills.  The  s-tone  is  rather  soft  and  not  pleasin-^"  ^^ 
appearance. 

The  Osaiie  Limestone. 

The  Osage  limestone  occupies  a  triangular  area  in  the  sotttb^ 
eastern  portion  of  Iowa,  the  base  of  the  triangle  resting  on  tb^ 
Mississippi  river  from  Louisa  to  Lee  counties,  and  the  apex  e^" 
tending  to  the  northwestward,  reaching  Keoknk  county     Beds 
referred  to  this  stage  of  the  Lower  Carboniferous  are  ma^* 
extensively  and  typically  developed  in  Des  Moines  county  six^ 
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especially  in  the  vicinity  of  the  town  of  Augusta.  Five  fairly 
well  defined  sub-stages  may  be  recognized  and  as  all  are  well 
represented  in  Des  Moines  county,  their  detailed  descriptions 
appear  in  the  discussion  for  that  county  and  a  repetition  is  un- 
necessary here.  It  may  be  said,  however,  that  the  indurated 
beds  are  chiefly  limestones  and  that  ttese  supply  the  most  im- 
portant quarry  rock  in  the  southeastern  portion  of  the  state. 

DES  MOINES  COUNTY. 

Limestones  and  shales  which  have  been  referred  to  the  Osage 
stage  of  the  Lower  Carboniferous  immediately  underlie  the 
drift  over  by  far  the  larger  portion  of  the  county.  The  lime- 
stones greatly  predominate,  although  the  shales  become  prom- 
inent near  the  top  of  the  series. 

For  convenience  of  discussion  the  Osage,  as  developed  in 
Des  Moines  county,  may  be  divided  into  five  fairly  well  defined 
members:  the  Lower  and  Upper  Burlington  limestone;  the  Mon- 
trose cherts;  the  Keokuk  limestone,  and  the  Keokuk  and  War- 
saw shales. 

The  limestones  are  prevailingly  pure,  crinoidal  and  cherty 
throughout.  The  first  and  fourth  members  are  heavy-bedded  and 
coarse-textured,  while  the  second  and  third  are  generally  thinly, 
often  irregularly  bedded  limestones. 

The  two  divisions  of  the  Burlington  are  the  most  conspicuous 
formations  in  the  county,  and  form  the  steep  bluflfs  which  face 
the  Mississippi,  and  its  leading  tributaries  for  a  short  distance 
above  their  debouchures,  along  the  entire  length  of  the  county, 
and  the  Skunk  river  across  the  larger  portion  of  the  county's 
width. 

The  Lower  Burlington  occupies  about  fifty  feet  in  vertical, 
section,  including  about  twenty  feet  of  calcareous  shales  at  the 
top.  The  limestone 'is  coarse-grained,  sub-crystalline,  varying 
from  pure  white  to  brown  or  rusty  in  color,  and  occurs  in  rather . 
heavy  beds,  especially  near  the  base.  Normally  the  rock  is  gray, 
the  rusty  brown  being  due  to  water  staining.  It  is  often  quite 
cavernous.  The  upper;  shaly  horizon  carries  much  chert  in  con- 
cretions and  bands  and  some  calcareous  ledges.  The  limestone 
is  suitable  for  structural  materials  throughout,  while  the  shale 
is  practically  worthless. 

26 
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The  Upper  Burlington  lies  in  thinner  beds,  and  is  more  cherty 
and  more  shaly  throughout  than  the  lower  member. 

The  most  typical  section  of  the  Upper  Burlington  is  shown  in 
the  Miller  quarry,  just  above  Cascade. 

SECTION  AT  THE  MILLER  QUARRY. 

FEET. 

8 .  Loess 12 

7.  Drift 3 

6.  Limestone  and  chert 8 

5 .  Limestone,  brown  and  white,  banded  with  chert,  thinly  bedded  6 
4 .  Limestone,  gray  and  white,  heavily  bedded 10 

3.  Shale,  blue,  argillaceous,  fossiliferous  4 2 

2.  Limestone,  heavily  bedded,  white 5 

.  1 .     Shale,  blue,  exposed 4 

The  majority  of  the  quarries  in  the  county  are  developing  the 
Upper  Burlington  limestone.  Quarries  may  be  opened  at  almost 
any  place  in  the  faces  of  the  bluffs  fronting  the  larger  streams, 
and  excellent  transportation  facilities  both  by  rail  and  water  are 
often  available.  Some  of  the  more  representative  quarry  sec- 
tions are  appended  herewith. 

CITY  QUARRY.  NEAR  MAIDEN  LANE  AND  SEVENTH  STREETS. 

FBBT. 

6.  Loesc 12 

6.  Drift 2 

4 .  Limestone,  white,  rather  brittle,  thinly  bedded 3 

3 .  Limestone,  yellowish,  heavily  bedded 5 

2.     Limestone,  poorly  bedded,  with  considerable  sandy  clay  and 

chert 2 

1 .     Limestone,  white,  solid  bed 

The  quarry  supplies  stone  suitable  for  curbing  a'  :  other 
dressed  stone  from  numbers  1  and  3.  The  waste  from  these  layers 
and  from  numbers  2  and  4  can  be  used  for  macadam  and  other 
crushed  stone  purposes. 

Extensive  quarries  were  operated  by  the  government  at  Picnic 
Point  about  two  miles  south  of  Cascade.  These  quarries  are 
now  idle.    The  quarry  section  exposed  is  as  follows : 

PICNIC  POINT  QUARRY  SECTION. 

FBBT. 

7.  Loess  and  drift  up  to 15 

6.    Limestone,  very  cherty,  brown,  sub-crystalline,  chert  weathers 

yellowish 10 
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FEET. 

5.  LimeBtonei  brown ,  encrinital,  snb-crystalline)  chert  mainly  in 

two  zones;  much  weathered  and  cavernous  in  places 10 

4.  Limestone,  oolitic;  somewhat  shattered li 

3.  Sandstone,  argillaceous  and  calcareous,  heavy-bedded  when 

fresh;  weathers  decidedly  shaly  above;   occasional  large 
cherts  in  upper  portion 5 

2.  Limestone,  concretionary   zone,   white  and  blue  limestone, 

weathers  yellow,  and  breaks  up  into  thin,  irregular  layers-..        9 

1.  Sandstone,  argillaceous,  white,  washes  on  exposure,  and  ap- 

parently is  pyritic;  has  a  decidedly  sulphurous  odor,   ex- 
posed       10 

About  one  and  one-half  miles  below  the  Government  quarries, 
some  quarrying  is  being  done.  Lime  was  burnt  here  and  two 
kilns  in  a  fair  state  of  preservation  still  mark  the  site.  The  beds 
exposed  are  practically  the  same  as  these  at  the  Picnic  Point 
outcrop. 

North  of  Burlington  good  outcrops  are  of  somewhat  less 
vertical  extent,  but  equally  numerous.  In  Flint  Eiver  township 
a  quarry  on  the  northwest  quarter  of  the  southeast  quarter  of 
section  25  may  be  taken  as  a  type  and  is  given  below : 

L0PTU8  QUARRY  SECTION. 

FBBT. 

6.  Loess 4 

5.  Drift 10 

4.  Limestone,  thinly  bedded,  with  considerable  chert 8 

3.  Limestone,  sub-crystalline,  irregular,  heavily  bedded 10 

2.  Limestone,  white,  solid  bed 6 

1.  Limestone,  dark  gray,  somewhat  irregularly  bedded,  exposed       4 

All  of  the  indurated  rocks  may  be  referred  to  the  Upper 
Burlington.  The  beds  may  be  viewed  still  farther  to  the  north- 
west in  Pleasant  Grove  township.  In  an  old  quarry  on  the  north- 
west quarter  of  section  12,  the  following  beds  may  be  made  out : 

PLEASANT  GROVE  SECTION. 

FEBT. 

9.    Loess  and  drift 10 

8.     Limestone,  heavily  bedded 6 

7.  Limestone,  rather  brittle  and  poorly  bedded 2 

6.  Limestone,  white,  heavily  bedded 6 

6.     Shale,  yellow,  or  calcareous  sandstone 2 

4.  Limestone,  gray,  irregularly  bedded 4 

8 .  Chert 1 

2.  Shale,  or  yellow  sandstone,  calcareous 2 

1.     Limestone,  thinly  bedded 8 
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Stone  is  supplied  to  Pleasant  Grove,  Washington,  and  a  large 
part  of  Yellow  Springs  and  Franklin  townships  from  these  quar- 
ries. The  stripping  increases  rapidly  back  from  the  face  of  the 
bluff,  and  quarrying  has  been  and  is  carried  on  in  a  very  desul- 
tory manner. 

The  Montrose  cherts  while  present  in  numerous  outcrops  do 
not  contribute  materially  to  the  natural  wealith  of  the  county. 
Commercially  they  are  suitable  only  for  crushed  stone  products. 
They  are  best  exposed  along  the  Skunk  river.  The  chert  beds 
rise  to  the  north  and  only  rather  unimportant  detached  areas  are 
known. 

The  Keokuk  limestone  occupies  a  broad  belt  across  the  south- 
west portion  of  Des  Moines  county,  covering  about  one-fourth 
of  its  superficial  area.  This  limestone  is  distinguished  from  the 
Burlington,  •  lithologically,  by  its  prevailingly  blue  color,  less 
crystalline  texture,  and  greater  compactness. 

The  Keokuk  limestone  is  a  heavy-bedded,  reasonably  pure  cal- 
cium carbonate  well  adapted  for  structural  purposes.  It  is  less 
quarried  than  the  Burlington,  on  account  of  greater  overburden 
and  poor  transportation  facilities. 

A  representative  section  may  be  viewed  in  the  vicinity  of 
Augusta,  where  both  the  Montrose  cherts  and  Keokuk  beds  are 
well  shown.    The  sequence  is  as  follows : 

AUGUSTA  SECTION. 

FEBT. 

4.     Drift 8 

3.     Limestone,  bluish,  encrinital  in  places,  clay  partings,  often 

highly  fossiliferous  (Keokuk) 20 

2.     Chert,   white,   thinly  bedded,  with  thin  irregular  bands  of 

limestone  (Montrose)  30 

1.  Limestone,  white,  coarse-grained,  encrinital  (Upper  Burling- 
ton) ,  exposed 15 

Farther  up  the  Skunk  river  the  Saint  Louis  limestone  and  Coal 
Measures  come  in,  and  the  Keokuk  beds  dip  below  the  level  of 
the  stream.  Small  quarries  have  been  worked  from  time  to 
time  in  Danville  and  Union  townships,  but  these  were  of  local 
interest  only.  In  many  of  the  outcrops,  cherty  material  is  so 
abundant  that  the  stone  is  practically  worthless  save  for  crushed 
stone  purposes. 
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KEOKUK  COUNTY. 

The  Osage  limeatone  is  ^believed  to  occupy  a  triangular  area 
in  the  northeast  corner  of  the  county  and  several  patches  are 
known  to  occur  in  the  interior  of  the  county.  The  most  im- 
portant outcrops  may  be  seen  along  Eock  creek  and  Skunk  river 
north  to  northwest  of  Ollie.  The  fomoation  rises  forty  feet 
above  the  river.  The  stone  varies  from  light  brown  or  white  to 
gray  in  color.  It  is  medium  to  coarse-grained,  sub-crystalline 
and  lies  in  ledges  usually  three  to  ten  inches  in  thickness,  sep- 
arated by  clay  and  chert  bands.  It  is  highly  f  ossilif erous,  often- 
times consisting  largely  of  a  shell  breccia  and  fragments  of 
crinoid  stems.  The  most  extensive  section  occurs  in  the  vicinity 
of  Manhattan  Mills.  The  following  sequence  was  determined  by 
Bain: 

FBBT. 

7.  Soil  and  drift  of  indefinite  thickness 2-^40 

6.  Sandstone,  quartzose,  in  part  calcareous,  soft,  yellow li 

5.  Limestone,  finely  brecciated 1 

4.  Limestone,  compact,  gray,  cherty 20 

3.  Limestone,  earthy,  brown,  containing  numerous  chert  nodules      15 

2.  Limestone,  coarse  sub-crystalline,  blue  and  gray  in  color, 

f  ossilif  erous,  in  ledges  9  to  20  inches  thick,  separated  by 
shales  6  to  8  inches  in  thickness;  bands  of  chert  nodules  3 
to  10  inches  thick  near  the  top 28 

1.  Limestone,  as  above 14 

Numbers  1  and  2  in  the  above  section  belong  to  the  Osage,  the 
first  being  exposed  in  the  Weber  quarry  near  the  mill,  while  num- 
ber 2  comprises  the  chief  formation  in  the  Cook  quarry.  Number 
3  is  referred  to  the  Springvale  beds,  and  outcrops  above  the 
quarry  tracks,  while  numbers  4  to  6  inclusive  belong  to  the  Verdi 
beds  of  the  St.  Louis  stage  and  are  exposed  along  the  old  right 
of  way  leading  to  the  Cook  quarry. 

The  railway  switch  has  long  since  been  abandoned  and  the  steel 
removed.  Quarrying  is  carried  on  only  to  supply  the  local  de- 
mand. In  a  local  quarry  still  in  operation,  the  following  beds 
are  displayed : 

FEET. 

4.  Loess,  waste  and  drift 1-^ 

3.  Limestone  ledge,  similar  to  number  1 ,. . .        li 

2.  Limestone,  thinly  bedded,    concretionary  and  cherty;  shaly       3 
1.     Limestone,   blue-gray,   evenly  bedded,  about  five  ledges  ex- 
posed, varying  from  6  to  12  inches  in  thickness;  sometimes 
there  is  a  shaly  parting  near  the  middle;  f ossilif  erous 3 
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Numbers  1  and  3  afford  a  good  quality  of  stone  for  coursing 
and  rubble  work.  The  several  other  exposures  of  Osage  lime- 
stone present  no  new  features. 

LEE  COOKTY. 

The  Osage  limestone  comprises  a  very  considerable  portion  of 
the  country  rocks  in  Lee  county  and  forms  the  greater  part  of  liie 
vertical  extent  of  the  bluffs  on  all  of  the  streams  bordering  the 
county.  In  the  interior  it  is  largely  overlain  by  the  Saint  Louis 
and  the  Coal  Measures. 

It  includes  quite  a  diversity  of  beds  which  for  convenience  in 
discussion  are  divided  into  three  groups  of  limestones  which  are 
separated  by  shales  and  chert  beds.  The  lowest  member  is  gen- 
erally known  as  the  Burlington,  which  many  investigators  have 
divided  into  Upper  and  Lower  Burlington.  This  is  separated  by 
chert  beds  from  the  middle  member,  the  Keokuk  limestone,  which 
in  turn  is  separated  by  shales  and  geode  beds  from  the  upper- 
most member,  known  as  the  Warsaw. 

The  Lower  Burlington,  while  composed  in  part  of  heavy  beds 
of  sub-crystalline  limestone,  is  unimportant  in  the  present  con- 
nection as  it  comprises  only  a  narrow  strip  along  the  base  of  the 
Skunk  river  bluffs  north  of  Wever  and  a  few  miles  east  of  the 
town  of  Augusta  in  the  northeastern  part  of  the  county. 

The  Upper  Burlington  is  very  similar  in  character  to  the  Low- 
er Burlington,  but  usually  occurs  in  thinner  beds  and  carries  a 
greater  abundance  of  chert  in  irregular  nodules  and  thin  bands. 
The  Upper  beds  are  best  exposed  in  the  bed  of  Skunk  river  at 
Augusta.  The  flinty  beds  of  the  Upper  Burlington  are  sometimes 
called  the  Montrose  cherts.  They  appear  along  the  Mississippi 
river  from  Montrose  to  Keokuk.  Between  these  points  they  con- 
stitute the  bed  of  the  river  and  cause  the  obstruction  to  naviga- 
tion known  as  the  Des  Moines  rapids.  While  both  members  of 
the  Burlington  afford  good  material  for  constructional  purposes, 
neither  is  sufficiently  accessible  to  merit  extended  notice. 

A  quarry  has  been  opened  in  the  Burlington  limestone,  west 
of  Wever.    The  beds  worked  are  as  follows : 
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6.    Soil  and  drift 4 

4.     Limestone,  brownish,  thinly  bedded,  with  some  chert,   en- 

crinital , li 

3.     Limestcwe,  white,  rather  soft,  somewhat  cherty  in  places i 

'    2.     Limestone,  yellowish 2i 

1.    Limestone,  hard,  brown,  encrinital,  heavily  bedded,  exposed  2 

Other  openings  have  been  made  in  the  near  vicinity  but  while 
the  stone  is  durable  and  pleasing  in  appearance,  the  aggregate 
annual  output  has  never  been  large  and  is  practically  nil  at  this 
time. 

The  Keokuk  beds  are  typically  developed  in  Lee  county,  but 
at  the  same  time  their  surface  area  is  relatively  small.  These 
beds  occupy  the  larger  portion  of  Denmark  township  and  a  part 
of  Washington.  In  addition  thin  beds  are  exposed  in  the  bluffs 
facing  all  of  the  larger  streams.  Along  the  Des  Moines  river, 
while  the  Keokuk  is  present  above  the  water-line,  it  is  largely 
obscured  by  heavy  talus  slopes.  In  general  the  formation  con- 
sists of  twenty-five  to  forty  feet  of  coarse-grained,  bluish,  often 
crinoidal  limestone,  overlain  by  rather  more  than  thirty  feet  of 
shales,  generally  known  as  the  geode  beds.  Chert  is  quite  prev- 
alent through  the  limestone,  while  some  beds  are  somewhat 
argillaceous  and  from  these  two  causes,  many  of  the  layers  are 
unfit  for  dimension  stone,  but  are  serviceable  for  crushed  stone 
purposes.  The  best  layers  for  dimension  stone  are  known  as  the 
"White  ledge'*  which  is  quarried  in  Keokuk  and  vicinity.  The 
heaviest  beds  and  thinnest  partings  are  near  the  base,  while  the 
beds  become  thinner  and  more  argillaceous  in  character  near  the 
top,  grading  into  the  geode  beds  above. 

The  geode  beds  are  of  small  importance  in  the  discussion  of 
"quarry  products'*  save  as  a  possible  source  of  shales  suitable 
for  use  in  the  manufacture  of  Portland  cement.  The  lower  half 
is  made  up  largely  of  more  or  less  indurated  calcareous  shales 
with  some  chert  and  occasional  bands  of  limestone,  graduating 
downward  into  the  limestone  below.  The  upper  half  is  more  ar- 
gillaceous, sometimes  slightly  arenaceous  and  less  calcareous 
and  slakes  more  readily  under  weathering  influence  than  the 
lower  portion.  The  siliceous  and  calcareous  concretions  give 
name  to  the  formations  and  are  quite  generally,  although  not 
universally,  present  in  southeastern  Iowa. 
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The  Keokuk  limestone  has  always  been  a  large  contributor  to 
the  stone  output  of  the  county.  Numerous  quarries  have  been 
opened,  and  it  is  this  horizon  which  affords  the  greater  portio 
of  the  quarry  rock  in  the  vicinity  of  the  city  of  Keokuk.  As 
rule  the  formation  is  compact,  rather  hard,  'often  sub-crystal- 
line rock,  of  an  ashen  or  bluish  gray  color.  It  presents  an  even 
to  conchoidal  fracture. 

The  Warsaw  beds  comprise  a  buff  magnesian  limestone  at  the 
base,  in  a  massive  layer  often  ten  to  twelve  feet  in  thickness  ; 
blue  arenaceous  shales  with  intercalated  limestones  in  thin  bands, 
and  at  the  top  a  buff,  sandy  limestone  locally  called  *  *  sandstone. '  * 
These  beds  are  typically  developed  at  Warsaw,  a  town  five  miles 
below  Keokuk  on  the  Illinois  side  of  the  river. 

The  quarry  rock  of  the  Warsaw  is  chiefly  a  magnesian  lime- 
stone containing  some  sand  and  small  pebbles.    It  is  generalljr 
called  sandstone.    The  principal  quarries  are  located  at  Sonora- 
on  the  east  side  of  the  river.    The  rock  occurs  in  a  massive  layer 
ranging  from  six  to  twelve  feet  in  thickness,  is  bluish  to  yellowisli 
in  color  when  first  taken  out  of  the  quarry,  but,  on  exposure  to 
the  weather  for  some  time,  it  changes  to  a  buff  or  brown.    The 
stone  has  been  used  in  the  building  of  the  locks  and  many  of  the 
most  important  structures  in  the  city  of  Keokuk.    It  has  also 
been  used  in  pier  and  bridge  work.    It  is  very  durable  and  highly 
prized  for  all  grades  of  dimension  and  cut  stone  work.     The 
principal  quarries  in  the  county  are  located  near  the  city  of 
Keokuk,  within  half  a  mile  of  the  railway  bridge  crossing  the 
Des  Moines  river,  and  near  Ballinger,  above  the  city  along  the 
Mississippi  river. 

Of  the  numerous  sections  of  Osage  available,  only  sufficient  are 
selected  to  illustrate  the  principal  features  of  the  beds.  There 
is  an  almost  continuous  outcrop  of  these  beds  in  and  about  the 
city  of  Keokuk  and  facing  the  principal  streams  on  the  three 
sides  of  the  county. 

The  Tigue  quarry,  a  short  distance  west  of  the  Band  lumber 
yard,  is  one  of  the  oldest  openings  in  the  vicinity.  It  has  been 
in  operation  for  more  than  forty  years.  The  section  is  as  fol- 
lows : 
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FBBT. 

4 .    Soil  and  drift 8 

3.    Limestone,  thinly  bedded,  with  considerable  calcareous  shale  6 

2.    Limestone,  more  massive  than  8 9 

1.    Limestone,  rather  sandy,  with  shaly  partings,  exposed  to  rail- 
way trade. 14 

In  fQie  west  part  of  iihe  city  of  Keoknk,  along  Soap  creek  for 
a  distance  of  fully  one  mile,  qnarries  iiave  been  opened  at  a  nnm- 
ber  of  points.  The  section  exposed  near  the  mouth  of  Soap  creek 
is  given  below: 


8.    Soil  and  drift  of  variable  thickness. 

7.  Shale,  cherty 6 

6.  Shale,  calcareous,  with  intercalated  beds  of  limestone;  some 

geodes  present 8 

5.  Limestone,  drab,  impnre,  heavily  bedded,  shaly  below 12 

4.    Limestone,  light  colored,  with  nodular  masses  of  chert;  the 

"white  ledge'' *. 3 

8.  Limestone,  argillaceous  and  massive,  with  spheroidal  masses 

of  calcite,  sometimes  carrying  millerite 6-6 

2.  Limestone,  coarse,  gray,  encrinital,  cherty 3 

1.  Limestone,  with  chert  in  irregular  beds,  exposed 5 

North  of  the  city  about  one-fourth  mile  north  of  Ballinger 
station  on  the  C.  B.  and  Q.  Bailway,  the  Tucker  and  McManus 
quarry  displays  the  following  beds : 

FBBT. 

7.  Soil,  loess  and  drift 0-10 

6.  Limestone,  weathered,  soft,  yellowish  above,  blue-gray  be- 

low;   yields   some  rubble   where  protected;     somewhat 

cherty 10-15 

%.    Limestone,  shaly 1 

4.  Limestone  in  two  heavy  beds,  the  upper  about  three  and 
the  lower  three  and  one-half  feet  in  thickness,  separated 
by  a  one  foot  shaly  parting;  fossiliferous  and  sub-crystal- 
line   7i 

3.  Limestone,  cherty,  sub-crystalline,  similar  to  1,  somewhat 

irregularly  bedded;  where  sufficiently  free  from  chert  3rields 

good  rubble  stone 8 

2.  Limestone,  evenly  bedded,  gray-blue,  sub-crystalline 11 

1.    Limestone,  chert  present  as  bands  and  nodules,  irregularly 

distributed  throughout,  exposed 6 

In  this  quarry  the  beds  dip  to  the  northwest.  Numbers  2  and 
4  furnish  the  best  dimension  stone.  Only  hand  methods  are 
used  in  quarrying,  although  a  steam  drill  is  employed.  Power 
for  drilling  is  supplied  by  an  ordinary  traction  engine.  The 
waste  istone  is  loaded  in  cars  with  removable  beds.     The  car 
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beds  are  swung  up  to  a  Gates  crusher  by  means  of  the  only  der- 
rick used  in  the  plant.  All  of  the  stone  below  the  weathered 
zones  is  utilized.  The  crushed  stone  is  graded  by  being  ;)assed 
through  a  cylindrical  screen.  Storage  bins  are  provided  for  the 
larger  sizes.  The  dust  is  removed  by  a  belt  conveyer  and 
dumped  on  the  ground.  In  addition  to  crushed  stone,  rubble 
and  dimension  stone  are  produced.  This  is  the  most  important 
quarry  in  the  county  at  this  time. 

LOUISA  COUNTY. 

The  underlying,  indurated  rocks  that  are  exposed  in  Louisa 
county  belong  almost  exclusively  to  the  Kinderhook  and  Osage 
stages  of  the  Mississippian.  The  Kinderhook  beds  consist  chiefly 
of  soft  clays  and  impure  limestones^  with  occasional  strata  of 
sandstone.  The  Osage  is  represented  by  the  heavier,  more  dur- 
able beds  of  the  Burlington  limestone.  Exposures  are  found  in 
the  southern  and  southwestern  portions  of  the  county.  They 
appear  to  best  advantage  in  the  bluffs  west  of  the  Mississippi 
and  south  of  the  Iowa  river  in  Elliott,  Wapello  and  Morning 
Sun  townships.  Outcrops  are  also  common  along  the  streamy  in 
Ck)lumbus  and  Elm  Grove  townships. 

The  best  stone  comes  from  the  Upper  Burlington  beds  and  all 
of  the  present  working  quarries  make  use  of  these  strata.  The 
lower  beds  were  formerly  worked  on  the  property  of  J.  D.  Ander- 
son, just  south  of  Elrick  Junction,  but  this  rock  is  usually  too 
much  weathered  to  furnish  durable  building  material.  The  prin- 
cipal quarries  are  located  near  Morning  Sun  on  Honey  creek  and 
on  Long  creek  and  its  tributaries. 

The  Chas.  B.  Wilson  quarry,  one  and  one-half  miles  east  of 
Morning  Sun  in  the  southwest  quarter  of  section  28,  affords  a 
characteristic  section  of  the  Upper  Burlington.  The  following 
details  are  based  in  part  on  data  found  in  the  Geology  of  Louisa 

County.* 

* 

PERT. 

6.    Diflintegrated  crinoidal  limestone,  brown  to  yellow 3i 

5.    Partially  weathered  crinoidal  limestone  containing  some  chert; 

ledges  4  to  6  inches  thick,  fair  stone 2f 

4.    White  chert,  nearly  fails  in  places i 


*  J.  A.  Udden,  Iowa  Qeol.  Survey.  Vol.  XI,  p.  76. 
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3.  Yellowish  fine-grained  limestone,  containing  open  pockets 
often  lined  with  botryoidal  calcite  or  quartz  crystals,  soft 
and  can  usually  be  crumbled  to  a  powder  in  the  fingers 1-3 

1.  Coarsely  crystalline  pure  limestone,  light  brown  to  bluish 
white;  in  ledges  from  one  foot  above  to  massive  three-foot 
ledges  below;  stylolitic  jointing  very  common;  free  from 
chert 6 

The  quarry  base  is  about  twenty-five  feet  above  low  water  in 
Honqy  creek.  This  depth  consists  largely  of  cherty  limestone 
in  part  obscured.  A  face  approximately  one-fourth  mile  in 
length  has  been  opened  on  both  sides  of  the  stream  and  a  large 
amount  of  stone  removed.  With  the  exception  of  the  upper  few 
feet,  there  is  little  worthless  material  in  the  section,  and  num- 
bers 1  and  3  especially  aflFord  a  most  excellent  stone  for  any 
of  the  finer  grades  of  work.  A  considerable  acreage  is  available 
at  this  point,  both  to  the  east  and  west  of  Honey  creek,  over 
which  'there  is  no  drift  and  little  else  to  require  much  dead  work 
in  stripping. 

A  similar  succession  is  found  at  the  W.  C.  Bryant  quarry  just 
south  of  the  Iowa  Central  track  in  the  southeast  comer  of  sec- 
tion 29.  Seven  and  one-half  feet  of  number  1  are  quarried,  and 
the  opening  has  reached  such  a  depth  that  number  2  is  quite 
firm  and  unweathered.  It  is  seen  to  be  a  coarsely  granular  and 
fossilif erous  brown  limestone  similar  to  number  3,  save  for  the 
presence  of  numerous  geode  cavities.  The  heavy  beds  furnish 
suitable  stone  for  heavy  foundations,  bridge  piers,  and  other 
masonry  work,  besides  walls  and  finishings.  The  white  stone 
does  not,  however,  split  with  uniformity  in  any  direction  except 
along  well  defined  lines  of  stratification. 

The  stone  is  handled  in  this  quarry  by  derrick  to  wagons  and 
some  is  shipped  from  Morning  Sun. 

Number  1  in  these  quarries  is  an  unusually  pure  limestone 
as  shown  by  the  chemical  analysis,  given  herewith,  of  a  sample 
from  the  Wilson  property. 

Insoluble 1.60 

Iron  oxide  and  alumina  (FcaOs  -h  AlaOa) 1.20 

Lime  carbonate  (CaCOa) 97.02 

Magnesium  carbonate  (MgCOg) 32 

Hygroscopic  moisture 34 

Total 100.48 
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The  very  low  magnesia  content  commends  the  stone  for  the 
manufacture  of  Portland  cement.  It  would  also  make,  without 
doubt,  tan  excellent  grade  of  white  lime. 

Both  the  Wilson  and  the  Bryant  quarries  are  conveniently 
located  for  transportation  of  the  output  by  rail.  The  stone  is 
of  high  quality  and  limitless  quantities  are  available.  The  ter- 
ritory to  be  supplied  is  principally  the  counties  to  the  westward 
of  Louisa  wljiich  are  heavily  drift  laden  and  possess  no  building 
stones  of  their  own. 

The  Ackenbaum  quarry  is  located  in  the  northwest  quarter  of 
section  27,  Morning  Sun  township.  The  beds  here  consist  of 
about  three  feet  of  overlying  disintegrated  crinoidal  limestone, 
associated  with  the  lighter  colored  heavier  beds  as  exposed  on 
Honey  creek.  The  latter  are  beds  coarsely  crystalline  to  sac- 
charoidal  in  texture.  A  stylolitic  structure  is  conmaon  but  the 
rock  splits  irregularly  and  with  no  greater  facility  along  such 
lines  of  jointing.  The  stone  outcrops  for  some  distance  along 
Gospel  run  and  at  the  quarry  face  is  covered  with  but  one  to 
three  feet  of  loess-like  soil.  Immediately  back  from  the  streams, 
however,  there  is  a  heavy  drift  covering. 

There  are  a  number  of  small  quarries  situated  along  Long  and 
BuflSngton  creeks  in  Columbus  and  Elm  Grove  townships  re- 
spectively. The  old  Wasson,  now  C.  J.  Gipple,  quarry,  in  the  low 
terrace  along  the  south  bank  of  the  south  branch  of  Long  creek 
in  the  northwest  corner  of  section  23,  Elm  Grove,  affords  the 
following  section : 

FBET. 

9.     Soil  in  small  amount  which  does  not  thicken  materially  for 

several  rods  from  quarry  face. 
8.    Limestone,  badly  shattered,  containing  much  chert  below  ...        7 
7.    Disintegrated  limestone  carrying  much  chert.    Worked  back 

in  the  hill,  becomes  a  fairly  firm  rock  of  bluish  color  and 

crystalline  texture;  separates  into  ledges  of  6  inches  to  1 

foot 

6.    Yellow,  disintegrated  limestone,  in  part  solid  and  coarsely 

crystalline 3 

5.    Blue  shale,  calcareous 1 

4.    Band  of  chert,  fossiliferous,  persistent,  used  for  building  rock. 

A  maximum  of 1 

3.    Yellow,   badly  disintegrated  crinoidal  limestone  with  geode 

cavities,  in  part  a  crumbling  brown  sand 4 

2.    Yellowish,  partially  disintegrated  but  usable  limestone li 

1.    Crinoidal  white  limestone,  in  ledges  from  6  to  10  inches. 
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No.  1  is  not  now  in  sight  but  has  been  taken  out  to  a  depth  of 
twelve  feet  as  the  principal  quarry  rock.  The  base  of  the  full 
quarry  face  would  therefore,  be  somewhat  below  water  level  in 
the  creek. 

These  same  beds  crop  at  an  indefinite  number  of  points  in 
this  vicinity  on  Long  creek  and  in  section  14  of  Elm  Grove  town- 
ship on  Buffington  creek. 

J.  L.  Thurston  takes  out  a  small  amount  of  stone  near  the 
northwest  corner  of  section  14,  and  J.  E.  Gray  and  J.  M.  Mar- 
shall quarry  the  same  *  *  white ' '  beds  in  the  north  part  of  section 
3,  Columbus  township.  At  the  Marshall  quarry,  considerable 
stone  has  been  quarried  in  the  past  and  there  is  less  stripping 
needed  than  at  other  observed  points  where  quarrying  is  done. 

Western  Louisa  county  in  general,  is  heavily  drift  laden  and 
the  rocks  are  exposed  only  at  infrequent  intervals  along  the 
streams. 

VAN  BUREN  COUNTY. 

Both  the  Upper  and  Lower  Carboniferous  series  are  repre- 
sented in  the  rocks  of  Van  Buren  county;  the  former  by  the 
Lower  Coal  Measures  or  the  Des  Moines  stage  and  the  latter  by 
the  limestones  of  the  Saint  Louis,  the  shales  and  limestones  of 
the  Keokuk  and  the  Montrose  cherts  of  the  Burlington  sub-stage. 
Exposures  occur  chiefly  along  the  Des  Moines  river  and  its 
tributaries,  although  a  few  outcrops  of  the  Saint  Louis  are  to  be 
seen  along  Cedar  creek  and  branches,  near  the  northeast  comer 
of  the  county. 

The  beds  belonging  to  the  several  stages  and  formations  bear 
the  customary  relations  to  each  other.  Between  the  Des  Moines 
and  the  Saint  Louis  is  a  major  unconformity  and  evidences  are 
to  be  observed  of  a  break  in  sedimentation  between  the  Saint 
Louis  and  the  Keokuk  beds.  A  marked  anticlinal  with  its  crest 
at  Bentonsport  brings  the  Burlington  cherts  into  view  in  the 
channel  of  the  Des  Moines  river  between  Bentonsport  and  Bona- 
parte. A  maximum  of  forty  feet  of  these  beds  is  exposed,  but 
they  disappear  both  to  the  north  and  south  within  narrow  limits. 
The  Burlington  consists  of  beds  of  chert  with  occasional  bands 
of  limestone  or  calcareous  shale  but  affords  in  this  county  no 
quarry  products. 
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Keokuk  beds: — This  member  is  exposed  along  the  Des  Moines 
from  the  mouth  of  Rock  creek  in  Washington  township  to  the 
southeast  comer  of  the  county.  It  is  found  exposed  in  only  a 
narrow  belt  along  the  river,  where  it  is  usnally  overlain  by  the 
limestones  of  the  Saint  Louis.  The  formations  belonging  to  the 
Keokuk  sub-stage  in  Van  Buren  county  consist  of  the  Keokuk 
limestone  below,  the  Geode  shales  and,  at  the  top,  the  Warsaw 
shales.  C.  H.  Gordon  writes  as  follows  regarding  the  Keokuk 
limestone,  its  distribution  and  character: 

"The  Keokuk  limestone  makes  its  first  appearance  in  the  ex- 
treme southeastern  part  of  the  county  on  a  small  branch  on  the 
south  side  of  the  river.  About  six  or  eight  feet  are  exposed,  and 
quarried  to  a  limited  extent.  The  next  appearance  is  at  the 
mouth  of  Eeed  creek,  where  about  ten  feet  of  bluish  gray  lime- 
stone, coarse,  sub-crystalline  and  mostly  thin-bedded,  are  ex- 
posed. As  the  strata  rise  toward  the  west,  lower  beds  come  into 
view,  and  are  seen  well  up  in  the  bluff  below  Bonaparte,  with 
nearly  thirty  feet  of  the  Burlington  chert  beds  below.    The  lime- 


Fro.  3}— DavlB  quarry,  weBlol  Benconaport,  van  Buren  coaaty,    Heavr  beds  ot 

BandBtoDe  (Warsaw  Sandstune). 
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stone  has  been  quarried  at  several  places  here,  but  it  contains 
large  quantities  of  chert.  Much  of  the  rock  is  also  shaly  and 
the  bedding  of  the  better  quality  of  rock  is  quite  variable.  At 
Bentonsport  at  one  time,  quarrying  was  carried  on  quite  exten- 
sively. The  principal  quarry  bed  is  from  five  to  eight  feet 
above  the  base  of  the  division  and  perhaps  represents  the  same 
ledge  as  that  quarried  at  Keokuk  and  there  termed  the  ''white 
ledge '\  The  upper  layers  at  the  quarry  are  thinner.  The 
horizon  between  the  thicker  and  thinner  beds  is  marked  by  a 
series  of  undulations  of  one  of  the  beds  remarkable  for  their 
regularity.  The  vertical  interval  of  the  unduations  does  not  ex- 
ceed ten  inches,  while  the  horizontal  interval  does  not  vary  much 
from  fifteen  feet  throughout  the  whole  extent  of  the  quarry.  On 
the  opposite  side  of  the  river  the  rocks  are  well  exposed  for  some 
distance  up  Bear  creek,  and  show  essentially  the  same  characters 
as  elsewhere  in  southeastern   Iowa."* 

The  limestone  has  been  quarried  at  a  number  of  points  in  the 
vicinity  of  both  Bonaparte  and  Bentonsport  but  most  extensively 
at  the  latter  place,  where  the  following  is  the  approximate 
section : 

FBET. 

7.    Geode  shales,  at  quarry  face 10+ 

6.    Argillaceous  limestone,  carrying  much  chert  and  some  geodes  2 
5.    Blue-gray  limestone  in  thin  ledges  with  interhanded   black 

shale  and  numerous  chert  bands 8 

4.    Persistent  bed,  blue,    crystalline,  fossiliferous  limestone  with 

usually  a  band  of  chert li 

3.     Calcareous,  dark  gray  shale 1 

2.    Heavy  bed,  clean,  blue-gray,  coarsely  crystalline li 

1.    Calcareous  shale. 

The  quarry  face  is  intermittently  open  in  the  bluff  above  the 
town  for  one-fourth  of  a  mile.  The  base  of  the  quarry  is  about 
forty  feet  above  water  in  the  river  and  twenty  feet  higher  than 
the  railway  track  which  runs  at  the  foot  of  the  bluffs.  Numbers 
2  and  4  only  have  been  used,  and  these  have  furnished  stone  for 
bridge  piers  and  riprap.  The  stone  has  not  proved  very  dur- 
able in  exposed  positions.  It  is  believed,  however,  that  all  the 
beds  might  be  used  for  crushed  stone  and  the  situation  is  suit- 
able for  such  an  industry.  The  exposures  are  in  general  covered 
with  the  geode  shales  and  heavy  drift. 

•Geology  of  Van  Buren  County,  Iowa  Geological  Survey,  Vol.  IV,  p.  Zll. 
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Equimleiit  beds  have  been  worked  by  the  Chicago,  Bock  Island 
and  Pacific  Railway  Company,  three-fourths  of  a  mile  east  of  the 
town,  but  they  are  no  longer  used. 

In  the  vicinity  of  Bonaparte  the  Keokuk  limestone  is  occasion- 
ally quarried  for  local  use.  The  following  layers  are  to  be  seen 
in  the  southeast  quarter  of  the  southwest  quarter  of  section  9, 
Bonaparte  township : 

FBBT. 

3.     Drift 3-10 

2.  Limestone,    blue,    irregular,  thin-bedded;  intermixed  with 

layers  of  shale;  fossiliferous,  cherty 7i 

1.  Limestone,  blue,  hard,   cherty,   thick-bedded,  main  quarry 

rock;  exposed 6 

Farther  up  Mack  creek  the  fine-grained  yellow  limestone  ap- 
pears and  has  been  quarried  at  a  few  points. 

WASHINGTON   COUNTY. 

Limestone  beds  referable  to  the  Osage  outcrop  at  numerous 
points  in  a  belt  which  crosses  the  middle  portion  of  the  county 
in  an  east  and  west  direction.  Quarries  have  been  opened  north- 
west of  Washington  and  north  of  Wellman.  The  Eckels  quarry, 
located  on  the  southwest  quarter  of  section  2,  township  75  north, 
range  Vlll  west,  presents  one  of  the  best  sections  between  Wash- 
ington and  West  Chester  and  is  given  below. 

ECKELS  QUARRY. 

FBBT. 

3.  Loess 12 

2.  Drift 6 

1.  Limestone,  coarsely  sub-crystalline,  blue,  gray  and  white  in 

color,  running  in' ledges  from  3  to  20  inches  in  thickness. .  ^      20 

Other  quarries  in  the  neighborhood  display  less  extensive 
sections  and  present  no  new  features  of  imi)ortance.  Chert 
bands  are  quite  common  in  all  of  the  quarries  and  in  one  of  the 
quarries  an  earthy  to  arenaceous  bed  carrying  calcareous 
geodes  may  be  viewed.  North  of  Wellman,  near  Dayton,  an 
old  quarry  shows  the  following  indurated  beds : 

FBBT. 

3.  Limestone,  buff,  arenaceous 5 

2.  Limestone,  brown,  coarse,  sub-crystalline,  fossiliferous i 

1.    Limestone,  blue  to  gray,  finely  sub-crystalline,  fossiliferous..        4 

The  stone  very  closely  resembles  that  quarried  in  the  Wash- 
ington district.  Openings  have  been  made  at  other  points,  but 
are  of  local  interest  only. 
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The  Saint  Louis. 

The  Saint  Louis  stage  of  the  Lower  Carboniferous  has  been 
separated  by  Bain  into  three  sub-stages.  The  lowest  of  tihese, 
the  Springvale  beds,  eomprises  a  limestone  formation  varying 
from  earthy  or  argillaceous  limestones  as  developed  in  Keokuk 
county  at  the  type  locality  to  massive  limestone  beds  in  Henry 
county.  As  a  rule  the  beds  are  not  important  as  a  source  of 
quarry  products.  The  middle  member,  or  Verdi  beds,  is  exceed- 
ingly variable  in  composition  and  texture,  ranging  from  sand- 
stones to  shales  or  limestones.  The  different  kinds  of  sediments 
give  place  one  to  another,  horizontally,  so  that  a  stratum  that 
is  shale  in  one  part  of  the  exposure  mJay  be  represented  by 
sandstone  or  limestone  at  no  great  distance  to  the  right  or  left. 
No  important  quarries  belong  to  this  horizon.  The  uppermost 
member,  or  Pella  beds,  is  the  most  uniform  in  character  and  is 
fairly  persistent  over  considerable  areas.  The  beds  are  usually 
quite  pure  limestones,  are  of  good  thickness  and  evenly  bedded. 
The  Pella  beds  comprise  the  most  important  member  of  the 
Saint  Louis  stage  from  an  economic  standpoint. 

DES  MOINES  COUNTY. 

The  Saint  Louis  limestone  covers  a  small  area  in  the  southwest 
comer  of  the  county.  The  principal  outcrops  occur  in  the  val- 
leys of  Long  and  Cedar  creeks  and  the  Skunk  river.  The  beds 
comprise,  in  descending  order,  a  white  clay  marl;  gray  flag-like 
limestone;  brown,  arenaceous  limestone;  and  a  concretionary 
and  brecciated  limestone. 

The  gray,  coarse-grained  limestone  is  regularly  bedded,  and 
occurs  in  thin,  flag-like  layers  from  two  to  five  inches  in  thick- 
ness. It  is  quite  compact  and  outcrops  on  Long  and  Cedar 
creeks  north  of  Augusta,  where  some  quarrying  has  been  done. 

The  brecciated  limestone  is  a  very  fine-grained,  compact  lime- 
stone, light  blue  or  ash-gray  in  color,  and  breaks  with  a  well 
marked  condhoidal  fracture.  The  fragments  are  all  more  or  less 
angular  and  vary  in  size  from  microscopic  particles  to  blocks 
several  feet  in  length.  They  are  firmly  embedded  in  a  matrix 
of  a  hard,  greenish,  calcareous  clayey  material  which  weathers 
more  readily  than  the  limestone  fragments.    As  far  as  known 
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the  flagstone  member  of  the  Saint  Louis  is  the  only  one  which 
has  been  quarried  and  the  beds  as  a  whole  are  much  less  impor- 
tant from  an. economic  standpoint  than  their  equivalents  in  Lee 
county. 

LIME. 

All  of  the  major  divisions  of  the  Lower  Carboniferous  rocks 
developed  in  the  county  contain  beds  suitable  for  the  manufac- 
ture of  lime.  This  is  especially  true  of  the  Osage  stage.  Lime 
has  been  manufactured  at  a  number  of  points,  notably  in  the 
vicinity  of  Burlington,  Augusta  and  along  Flint  river.  Two 
kilns,  in  a  fair  state  of  preservation,  still  stand  near  Patterson. 
No  lime  was  produced  during  the  past  year. 

HAMILTON  COUNTY. 

The  Saint  Louis  limestone  comprises  the  only  available  beds 
in  the  county  which  are  sufficiently  indurated  to  be  used  for 
structural  purposes.  On  account  of  the  distribution  of  the  Coal 
Measures  over  almost  the  entire  county  and  the  great  thickness 
of  the  drift,  exposures  are  limited  to  the  immediate  vicinity  of 
Boone  river  from  a  short  distance  above  Webster  City  to  section 
31  in  Lidependence  township.  Along  a  small  creek  which  flows 
into  the  Boone  river  just  below  the  mill  in  Webster  City,  a  quar- 
ry has  been  opened  and  operated  more  or  less  continuously  for  a 
number  of  years.  The  section  which  can  be  made  out  is  as  fol- 
lows: 

SW ANSON  QUARRY. 

PBBT. 

5.    Loam  and  drift 2+ 

4.     Sandstone,  clayey,  fiesile,  ash-gray  in  color 2 

3.    Limestone,  impure,  thinly  bedded,  much  weathered,  in  places 

altered  to  a  calcareous,  arenaceous  clay 4 

2.    Limestone  in  fairly  heavy  beds,  with  occasional  quartz  geodes  4-5+ 
1.    Sandstone,  light  colored,  somewhat  friable  but  in  places  hard 

enough  to  be  used  for  structural  purposes,  exposed 4 

Number  2  constitutes  the  principal  quarry  rock,  and  was  for- 
merly much  used  locally,  and  is  practically  the  only  native  stone 
available  for  structural  purposes.  It  is  a  fairly  pure  limestone, 
of  fine,  even  texture,  varying  from  a  gray  to  a  yellowish  buff. 
It  shatters  when  subjected  to  changes  of  temperature  when  wet, 
but  gives  good  service  when  put  in  the  wall  dry.     The  upper 
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members  exposed  are  rather  mconstant  and  in  places  are  absent, 
the  drift  here  resting  directly  on  nnmber  2. 

While  similar  sections  are  exposed  both  up  and  down  the 
river  from  the  Swanson  quarry,  the  excessive  overburden,  the 
small  thickness  and  the  indifferent  quality  of  the  beds  make 
quarrying  on  a  commercial  scale  impossible. 

The  phase  of  the  Saint  Louis  exposed  in  Hamilton  county 
closely  resembles  its  development  in  Story  county  and  probably 
represents  the  Verdi  sub-stage,  which  is  typically  exposed  from 
Marion  to  Washington  counties. 

HENRY  COUNTk'. 

The  various  sub-stages  of  the  Saint  Louis  limestone  imme- 
diately underlie  the  glacial  debris  over  practically  the  entire 
county.  The  Coal  Measures  fringe  the  south  and  west  borders 
more  or  less  interruptedly,  with  small  patches  in  the  interior, 
and  two  narrow  bands  of  the  Osage  limestone  are  exposed  along 
the  Skunk  river  in  the  south  central  and  southeast  portions  of 
the  county. 

The  lowest  member,  or  Springvale  sub-stage,  is  dolomitic  in 
character,  occurs  in  heavy  beds,  and  affords  material  suitable 
for  heavy  masonry.  The  best  sections  occur  in  Baltimore  town- 
ship, and  to  a  less  extent  in  Jackson  and  Center  townships.  As 
a  rule,  the  beds  suitable  for  structural  purposes  are  under  a 
heavy  overburden  and  can  be  quarried  only  at  great  expense. 
The  following  sections  will  serve  as  fair  examples. 

Section  about  one  mile  east  of  Lowell,  in  Baltimore  township, 
north  of  wagon  road : 

FEET. 

7.    Clay,  reddish  colored  and  gravelly 6 

6.     Limestone,  impnre,  rusty  brown 2 

5.    Limestone,  brown,  magnesian,  similar  to4 4 

4.    Limestone,  magnesian,  obscurely  laminated 3i 

3.    Limestone,   brown,    magnesian,   in   layers    three    to    seven 

inches  thick 8 

2.     Limestone,  fine-grained,  magnesian,  brown,  in  layers  one  to 

three  feet  thick 10 

1.    Limestone,  variable,  partially  concealed  down  to  geode  beds 

of  Keokuk  sub-stage 9 


424  GEOLOGY  OF  IOWA  QUARRY  PRODUCTS. 

The  heavy  dolomitic  beds  would  undoubtedly  give  good  serv- 
ice for  heavy  masonry,  but  have  been  but  little  developed  and 
are  not  reiadily  accessible. 

The  middle  member  of  the  Saint  Louis,  the  Verdi,  as  devel- 
oped in  the  county,  is  characteristically  variable  in  composition, 
texture  and  structure,  and  h&s  little  to  commend  it  commercially 
save  for  crushed  stone  purposes.  It  has  not  up  to  this  time  been 
exploited  on  its  own  account.  It  has  been  worked  only  to  a 
.limited  extent  in  connection  with  the  beds  above  and  below. 

The  uppermost  member,  or  Pella  beds,  is  the  most  widely  dis- 
tributed and  most  generally  accessible  of  any  of  the  divisions 
of  the  Saint  Louis  and  has  been  more  extensively  developed  than 
any  other  formation  in  the  county.  While  the  quarrying  indus- 
try amounts  to  but  little  at  the  present  time,  large  quantities 
of  stone  have  been  produced  by  the  quarries  near  Mt.  Pleasant, 
along  the  Keokuk  and  Western  division  of  the  Chicago,  Burl- 
ington and  Quincy  Railway.  The  old  Winter  quarry,  located 
in  the  south  bank  of  a  small  stream  emptying  into  Big  creek 
from  the  north,  near  the  railroad  bridge  in  the  southeast  quarter 
of  section  17,  Center  township,  shows  the  following  section : 

FEET. 

12.     Prift,  reddish  brown 4 

11.    Limestone,  gray,  weathered,  shaly 6 

10.  '  Limestone,  light  gray,  compact,  layers  ten  to  twenty  inches 

in  thickness 5 

9.    Limestone,  gray,  evenly  bedded,  in  layers  two  to  eight  inches 

in  thickness 6 

8.    Limestone,  gray,  flaggy,  two  to  foar  inches  in  thickness 1 

7.    Limestone,  fine-grained,  in  undulating   layers  one  to   three 

feet  thick 8     , 

6.     Limestone,    fine-grained,  gray,   brecciated,   in   places  much 

shattered 5 

5.     Sandstone  and  shales  in  lentils  and  irregular  beds 6 

4.     Limestone,  light  colored,  arenacebus,  in   places   flexed   and 

often  brecciated : 6 

3.rf  Chert  in  a  band  rather  than  in  nodules '       Ij 

2.     Limestone,   impure,   yellowish;   the   upper    portion   in   thin 

layers,  the  lower  a  single  bed  three  feet  in  thickness 4 

1.     Laminated  beds,  one  to  three  inches  in  thickness,  consisting 

of  brown,  magnesian  layers  above,  thin  layers   of   oolitic 

limestone  in   central   portion   and   arenaceous   magnesian 

limestone  below 5 
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The  upper  surface  of  number  - 1  presents  numerous  .  dome- 
shaped  elevations  ranging  from  two  to  four  feet  in  height  and 
ten  to  twenty  feet  in  diameter.  -  Both  1  and  2  show  well  defined 
ripple  marks  in  places. 

The  Pella  beds  are  exposed  at  numerous  other  points,  but  on 
a  less  extensive  scale  than  in  the  above  section,  and  do  not  pre- 
sent any  new  features  worthy  of  mention.  While  quarries  have 
been  opened  and  operated  from  time  to  time  in  practically  every 
township  in  the  county,  those  in  the  vicinity  of  Lowell,  Salem, 
Oakland  Mills,  and  Mt.  Pleasant  are  the  most  important. 

LIME. 

All  of  the  limestone  when  burned  yields  a  usable  grade  of  liine. 
In  the  early  history  of  the  country,  sufficient  lime  was  produced 
to  supply  local  consumption.  In  recent  years,  however,  the  in- 
creased cost  of  wood  fuel,  thfi  modem  plants  at  other  places, 
combined  with  cheap  freight  rates,  have  conspired  effectively 
to  put  an  end  to  the  local  industry. 

HUMBOLDT  COUNTY. 

The  Saint  Louis  limestone  appears  at  several  points  along 
both  branches  of  the  Des  Moines  river  and  in  Weaver  township. 
It  forms  a  solid  foundation  for  a  large  portion  of  the  city  of 
Humboldt,  as  the  cellars  of  many  of  the  principal  buildings  were 
excavated  in  it,  and,  it  is  said,  produced  enough  stone  to  build 
their  own  walls.  The  stripping  or  overburden  of  soil  and  drift 
is  so  thin  in  places  that  these  limestone  beds  afford  a  natural 
pavement.  The  Saint  Louis  overlies  the  Kinderhook  uncon- 
formably,  although  good  natural  exposures  showing  the  contact 
are  scarce.  The  most  extensive  section  in  the  county  appears 
along  the  east  bank  of  the  river,  near  the  south  line  of  the  county. 
The  beds  are  as  follows : 

FBBT. 

9.    Drift  of  variable  thickness. 

8.     Sandstone,  probably  Coal  Measures 6-  7 

7.    Limestone,  in  thin  layers,  arenaceous 6-10 

6.    Limestone,  heavy-bedded,  containing  angular  fragments  of 

lithographic  stone 6-7 

5.    Shale,  with  pockets  of  clay;  variable  in  thickness;  a  thin  part- 
ing         1 

4.    Limestone,  hard  and  dense 4 
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FEET. 

3.    Limestone,  regularly  bedded,  more  or  less  arenaceous,  about       2 

2.  Talus  to  V  ater  level 4 

1.  Limestone,  soft,  whitish  or  bluish  in  the  bed  of  the  river.    On 

exposure  turns  brown  or  yellow  and  washes  readily  under 
rain.  Occurs  ip  layers  si;x  to  eight  inches  thick,  and  is  said 
to  overlie  blue  shales. 

Number  1  has  been  quarried  in  the  bed  of  the  river  for  local 
use.  Number  7  is  the  most  characteristic  and  clearly  defined 
member  of  the  series.  It  occurs  in  layers  three  to  four  feet 
thick,  is  unevenly  bedded,  more  or  less  brecciated  and  breaks 
oflf  in  large  blocks  as  undermined  by  erosion  of  the  thinner  beds 
below.  This  particular  horizon  also  outcrops  in  sections  31  and 
32  in  Grove  township. 

The  Bull  quarry  near  the  center  of  Humboldt  exposed  the 

following  section: 

« 

FBBT. 

3.  Drift  and  soil * 1-2 

2.  Limestone,  thin-bedded,  with  flinty  layers,  passing  into  beds 

of  clay 2 

1.    Limestone,  blue,  evenly  bedded,  of  variable  texture 6 

Number  1  rests  unconformably  upon  the  subjacent  limestone, 
which  is  supposed  to  belong  to  the  Kinderhook.  Other  exposures 
of  the  Saint  Louis  limestone  occur  at  the  ** Sandstone  Quarry" 
in  Rutland,  and  at  several  points  in  Avery  and  Weaver  town- 
ships. The  best  beds  usually  available  at  all  of  these  places, 
occur  in  medium  to  heavy  ledges,  are  comparatively  pure  cal- 
cium carbonate,  and  yield  a  fair  to  superior  grade  of  building 
stone,  which  has  been  used  extensively  in  bridge  piers  and  abut- 
ments, foundations  and  walls  of  some  of  the  best  buildings  in 
the  county. 

JEFFERSON   COUNTY. 

Jefferson  county  belongs  to  the  region  of  thick  drift,  which, 
according  to  Udden,  averages  one  hundred  and  fifteen  feet  in 
thickness  over  the  entire  county.  Both  the  drift  and  the  Coal 
Measures  have  been  completely  removed  by  the  principal  streams 
in  Penn,  Walnut  and  Lockridge  townships  in  the  northeast,  and 
to  a  less  extent  in  Round  Prairie,  Cedar  and  Liberty  townships 
bordering  on  the  south  line  of  the  county.  Numerous  outcrops 
of  Saint  Louis  limestone  appear  in  all  of  these  townships.    As 
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a  rule,  such  exposures  are  of  small  extent  and  often  much  ob- 
scured by  the  heavy  talus  almost  everywhere  present.  While 
the  county  has  produced  a  large  quantity  of  stone  for  local  use, 
and  is  capable  of  producing  much  more,  there  is  not  a  single 
worker  in  the  county  who  depends  upon  the  quarry  industry  for 
a  livelihood. 

The  following  sections  will  give  a  fair  idea  of  the  natural 
resources  of  the  county  along  this  line. 

Walgrm's  Qiuirry,  souttiwest  quarter  of  the  southeast  quarter 
of  section  3,  Lockridge  township. 

# 

FBBT. 

4.  Soil  and  drift  of  variable  thickness. 

3.  Clay  and  marl,  yellow 34 

2.  Limestone,  darkgcay,  porous,  somewhat  cherty  in  places 7 

1 .  Limestone,  grayish  yellow,  exposed 5 

Monson^s  Quarry,  northeast  quarter  of  the  northwest  quarter 
of  section  8,  Lockridge  township. 

FBBT. 

6.    Soil  and  drift  of  variable  thickness. 

5.  Limestone,   compact,    fine-grained,    almost   lithographic    in 

texture,  pjrritic li 

4.  Limestone,  soft,  gray,  in  thin  beds 2 

3.  Limestone,  gray,  in  a  single  ledge 2i 

2.  Limestone,  dark  gray,  compact  and  slightly  bituminous i 

1.  Marl,  blue,  shaly,  exposed i 

Numerous  sections  are  exposed  along  Walnut  and  Burr  Oak 
creeks  and  their  tributaries  in  the  three  northeastern  townships, 
^e  hard  beds  are  quite  generally  brecciated  and  are  associated 
with  marly  and  shaly  layers. 

In  the  southern  portion  of  the  county  outcrops  are  fewer. 
Near  the  south  line  of  Bound  Prairie  township,  a  quarry  has 
been  opened  in  the  southwest  quarter  of  the  southeast  quarter 
of  section  34.    The  section  is  given  herewith. 

FEET. 

4.  Soil  and  drift  of  variable  thickness. 

3.  Marl,  gray,  fossiliferous 2 

2.  Limestone,    white,   with  a  ledge  of  very  fine,  almost  litho- 

graphic texture 2 

1.    Limestone,  gray,  in  ledges  varying  from  six  inches  to  one  foot 

in  thickness,  with  shaly  parting  near  the  middle 5 

Other  exposures  occur  in  Round  Prairie,  Cedar  and  Liberty 
townships.    Quarrying  has  also  been  done  to  the  northeast  of 


428  GEOLOGY  OF  IOWA  QUARBY  PRODUCTS. 

the  center  of  section  10,  in  Liberty  township.    The  beds  worked 
are  as  follows: 

FBBT. 

7.    Soil  and  drift  of  variable  thickness. 

6.    Shale,  green,  pockety,  belonging  to  Coal  Measures. 

5.    Limestone,  gray,  weathering  into  rounded  bowlders,  in  places 

with  small  crevices  filled  with  calcite,  fossiliferous ,        4 

4.  Marl,  light  colored,  with  occasional  stone  concretions,  fossilif- 
erous          2 

3.    Limestone,  gray f 

2.    Marl,  similar  to  number  4 4       3 

1.    Limestone,  gray,  pyritic 3 

Practically  all  good  quarry  stone  belongs  to  the  Pella  beds, 
and  comprises  heavy  ledges  of  compact  limestone,  alternating, 
especiaUy  above,  with  seams  of  greenish,  marly  shales.  Occa- 
sionally  the  limestone  is  slightly  broken  up  and  breociated,  but 
to  a  much  less  extent  than  the  Verdi  beds  below.  Some  of  the 
beds  are  almost  lithographic  in  character.  The  beds  are  usually 
more  or  less  pyritic  throughout. 

KEOKUK  COUNTY. 

The  Saint  Louis  limestone  immediately  underlies  the  drift 
over  three-fourths  of  the  county.  While  its  three  divisions  are 
represented,  only  the  Verdi  beds  are  of  suflScient  importance  to 
merit  consideration  commercially.  The  Springvale  beds  have 
been  recognized  at  Springvale  Mills,  in  the  upper  portion  of  the 
Cook  quarries  north  of  OUie,  and  at  one  or  two  other  points 
along  the  Skunk  river.  These  beds  comprise  a  blue,  earthy  lime- 
stone of  marked  shaly  character,  which  weathers  readily  into 
a  soft,  brown  to  buff  limestone.  It  is  magnesian  and  often  pre- 
sents an  arenaceous  facies.  Clean  cut  exposures  are  rare  on  ac- 
count of  its  weathering  properties.  The  beds  occasionally  pre- 
sent a  pseudo-conglomeratic  character  as  seen  in  the  Cook  quar- 
ries. They  rest  unconformably  on  the  Osage  limestone,  and  ag- 
gregate twenty  to  twenty-five  feet  in  thickness. 

The  middle  member  of  the  Saint  Louis,  the  Verdi  beds,  covers 
the  larger  portion  of  the  county,  and  affords  the  principal  lime- 
stone outcrops,  and  the  only  limestone  quarries  in  the  county 
with  the  exception  of  those  northwest  of  OUie.  Typical  expos- 
ures may  be  viewed  along  both  branches  of  Skunk  river,  English 
river,  and  along  the  creeks  north  and  west  of  Sigoumey. 
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The  beds  present  comprise  fine-grained,  ligbt  colored,  calcare- 
ous sandstones  in  bands  two  to  six  feet  in  thickness,  inter-bedded 
with  the  limestone.  In  places^  however,  clean  sandstones  of  much 
greater  thickness,  np  to  thirty  or  even,  forty  feet,  with  limestone 
above  and  below,  are  seen.  The  most  usual  type  of  limestone  is 
of  a  light  ash  to  buflf  color,  fine-grained,  exceedingly  compact  and 
hard,  almost  cherty  in  character.  This  is  th*e  limestone  found 
inter-bedded  with  the  sandstone.  A  second  equally  well  known 
type  comprises  the  brecciated  beds.  In  these  beds,  the  limestone 
is  broken  up  into  irregular  fragments  and  cemented  together, 
the  whole  forpring  a  distinct  calcareous  conglomerate  or  breccia. 
The  usual  cementing  material  is  calcareous,  though  ferruginous 
miaterial  is  sometime®  present.  The  rock  fragments  appear  to 
possess  the  characteristics  of  the  Saint  Louis  limestone  itself. 
They  vary  greatly  in  size,  ranging  from  grains  a  fraction  of  an 
inch  in  diameter  to  slabs  and  blocks  four  feet  long  and  six  to 
eight  inches  in  thickness.  The  brecciated  blocks  are  usually  one 
or  two  inches  in  diameter.  Local  unconformities,  false  bedding, 
and  other  irregularities  are  not  uncommon  structural  features. 

A  few  of  the  numerous  sections  exposed  are  given  below  and 
are  believed  to  be  fairly  representative. 

The  following  beds  are  exposed  in  a  railway  cut  about  one  and 
a  half  miles  west  of  OUie : 

FEET. 

7 .  •  Soil  and  bowlder  clay 10 

6.     Sandstone,    cross-bedded,    yellow,    fine-grained;     becoming 

harder  for  six  inches  and  apparently  calcareous  below 6 

5.  Limestone,  compact I 

4 .  Marl  and  limestone i 

3.  Limestone,  fine-grained,  grading  into  number  2 i 

2.     Limestone,  finely  brecciated,  in  places  almost  oolitic 2 

1 .     Limestone,  compact,  exhibiting  conchoidal  fracture,  exposed 

to  track 6 

Several  small  quarries  have  been  opened  from  time  to  time 
along  Sugar  creek  near  Showman  station.  Here  the  beds  are 
very  irregular  and  false  bedding  on  a  large  scale  is  well  shown. 
A  typical  section  is  about  as  follows : 

FEBT. 

6.  Soil  and  drift  of  variable  thickness 0-30 

5.  Limestone  in  fairly  even  ledges 4 

4.  Talus,  shale  or  marl 3 
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FEBT. 

3.  Limestone  in  heavy  ledges,  sbaly  below,  shows   a  decidedly 

concretionary  facies  when  weathered 4 

2.  Limestone,  hard  ledge,  separated  from  number  1  by  a  shaly 

parting,  brittle  and  compact li 

1.  Sandstone,  cross-bedded  and  unevenly  indurated,  dip  of  bed- 

ding planes  inconstant,  but  ranging  up  to  35  degrees 10 

Number  5  furnishes  the  principal  qiiarry  rock  of  the  neigh- 
borhood. Number  2  apparently  rests  unconformably  upon 
number  1. 

Numerous  small  quarries  have  been  worked  a-t  one  time  or 
another  north  and  west  of  Sigoumey.    The  Miller  quarry  located 
'  about  two  miles  north  of  town  may  be  taken  as  an  example : 

PEET. 

4.  Soil  and  drift  almost  nil  at  the  quarry  face,  but  thickens 

greatly  in  the  bluff 2+ 

3.  Limestone,  similar  to  number  1,  with  arenaceous  to  argilla- 

ceous partings;  less  evenly  bedded  than  1   and  weathers 
concretionary;  calcite  lenses  and  nests  present 3-6 

2.  Sandstone,  with  shaly  partings,  fine-grained,  and  but  slightly 

indurated 2 

1.  Limestone,  hard  and  compact,  gray,  evenly  bedded,  beds 
ranging  from  4  to  12  inches  in  thickness;  numerous  pyritic 
balls  present,  mostly  weathered  to  limonite 6 

The  beds  dip  strongly  to  the  east,  and  do  not  appear  to  be 
persistent  in  character.  The  s-tone  crops  of  the  region  appear 
to  rise  about  forty  feet  above  the  creek.  The  sandstone  as  a  rule 
is  the  most  conspicuous  member,  is  heavily  bedded  but  imper- 
fectly indurated. 

Outcrops  in  English  river  are  less  common  than  along  the 
Skunk,  but  are  in  a  general  way,  repetitions  of  those  already 
given. 

The  quarries  of  the  county,  while  numerous,  are  small  and 
without  exception,  are  of  local  importance  only. 

LEE   COUNTY. 

The  Saint  Louis  limestone  comprises  some  of  the  most  impor- 
tant rock  formations  in  Lee  county,  occupying  about  one-third 
of  its  superficial  area.  Numerous  outcrops  appear  along  the 
streams  in  West  Point  and  Franklin  townships,  and  in  the  bluflfs 
below  Montrose  on  the  Mississippi  and  along  the  Des  Moines 
above  Sand  Prairie. 


LEE  COUNTY. 


AbaDdooed  Santa  Fe  quarry  east  of  Beltaat.  lova. 
.    PrlDClpBl  quarry  aectJOD  aoutbvcal  ol  Mt.  Pleasant.  Iowa. 
.    Oeode  bearing  abale.  west  o(  Farmlnston.  Van  Buran  caunl 
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^  ■ 

According  to  Keyes  and  Gordon,  the  Saint  Louis  consists  of 
a  lower  magnesian  or  somewhat  sandy  limestone,  grading  at 
times  into  a  calcareous  blue  sandstone  and  an  upper  white  com- 
pact or  granular  limestone.  A  breoeiated  zone  often  separates 
the  two  members.  From  a  study  of  the  field  relations  of  the 
above  beds  and  those  alreadv  digcussed  under  the  head  of  the 
Osage,  it  would  appear  that  the  upper  or  so-called  Warsaw  beds 
of  the  Osage  are  the  same  as  the  arenaceous  member  of  the  Saint 
Louis  of  Keyes  and  Gordon.  Whatever  the  taxonomic  relations 
of  these  beds  may  be,  both  members  of  the  Saint  Louis  as  given 
above  are  quarried  to  some  extent,  the  limestone  being  the  more 
highly  prized,  in  the  numerous  outcrops  available.^ 

The  sections  given  below  give  a  fair  picture  of  the  leading 
characteristics  of  the  beds. 

A  mile  west  of  Sand  Prairie  the  Saint  Louis  appears  in  sev- 
eral ravines  opening  into  the  Des  Moines  valley,  and  from  these 
some  stone  has  been  produced  for  local  use.  One-half  mile  above 
Hillsdale,  the  Santa  Fe  Railway  worked  extensively  years  ago. 
The  section  is  shown  as  follows  : 

PBBT 

6.     Soilanddrift ....        64- 

5.    Limestone,  brecciated,  with  pockets  of  green  clay,  sometimes 

rudely  and  coarsely  stratified 30 

4.    Limestone,  blue,  encrinital 3 

3.    Shale,  blue,  calcareous 3 

2.     Sandstone,  blue,  calcareous,  with  discontinuous  beds  of  blue 

shale;  the  principal  quarry  rock 8 

1.    Shale,  blue 15 

The  stone  was  used  largely  for  bridge  work;  the  rubble  and 
small  sizes  were  put  through  the  6rusher. 

Just  below  Belfast  some  quarrying  has  been  done.  The  stone 
was  used  largely  by  the  Chicago,  Rock  Island  and  Pacific  Rail- 
way for  bridge  work.  The  section  quite  closely  resembles  the 
Santa  Fe  quarry,  though  the  sandstone  horizon  was  more  ex- 
tensively developed.  The  section  which  may  be  seen  at  the  pres- 
ent time  is  as  follows  i 
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BELFAST  aECTION. 

Soil  and  drift,  which  thicken  considerably  back  in  tbe  bluH, 

variable  at  the  face. 
Limestone,   earthy,  yellowigb,  gray  to  blue-gray,    weathers 

clayey;  probably  attains  mnch  thickness  in  tbe  bluff,  ez- 

LtmeeliOne,  brecciated  and  concretionary  and  ahaly,  in  places. 
The  concretiona  appear  to  be  compact,  brittle,  bine  lime- 
stone, uaiform  neither  in  thickness  nor  in  appearance 

Limestone,  arenaceous,  especially  below,  fossil  if  ero  us;  gray 
to  blue'gray;  thinly  bedded,  although  bedding  planes  are 
not  apparent 

Sandstone,  calcareous,  or  limestone,  highly  arenaceoas,  in 
heavy  beds  np  to  five  feet  in  fresh  exposures;  beds  rather 
uneven  and  show  some  tendency  to  wedge;  cross  bedding 
is  evident  in  places,  exposed 


Fic .  31.— Section  aloDg  the  C. .  R.  I.  &  P.  Rj. ,  Imlow  Beltam  showing  Waraaw  sandBtone 


i«  above.    Van  Buren  w 

The  base  of  the  section  is  about  four  feet  above  the  railway 
track.  No  quarrying  is  being  done  at  the  present  time.  About 
a  fourth  of  a  mile  below  the  railway  station  in  Belfast,  twenty 
feet  of  plastic  shales  are  exposed  along  a  small  creek  entering 
the  Des  Moines  from  the  east.  The  shale  appears  to  be  quite 
uniform  in  character  throughout  and  lies  clearly  below  the  beds 
in  the  above  sections.  The  section  continues  about  one  hundred 
yards  up  stream,  where  it  is  obscured  by  talus.  Near  the  east 
end  of  the  outcrop,  a  weathered  cap-rock  appears  at  just  about 
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the  level  of  the  Chicago,  Rock  Island  and  Pacific  railroad  track. 
The  depth  of  the  shales  below  the  stream  channel  is  unknown. 
An  average  sample  of  the  shales  was  collected  and  analyzed. 
The  analysis  is  as  follows : 

CHEMICAL  ANALYSIS  OF  BELFAST  SHALE. 

Silica 46.00 

Alumina 16.68 

Ferric  oxide 3.86 

Lime 10.04 

Magnesia 3.69 

Sulphur  triozide 2.26 

Potash 1.96 

Soda 1.16 

Loss  on  ignition 15 .02 

Moisture 0.48 

Total 100.15 

Exposures  of  Saint  Lonis  continne  np  the  Des  Moines  river 
but  almost  no  quarrying  is  done  at  the  present  time,  and  no  new 
phases  are  shown. 

One  of  the  best  sections  exposed  in  the  interior  of  the  county  is 
located  along  Sugar  creek  about  one  and  a  half  miles  east  of  the 
town  of  Franklin.    The  following  beds  are  exposed: 

GRANER  QUARRY. 

FEET. 

10.    Drift 10 

9.*  Limestone,  white,  granular,  oolitic,  even-textured,  more  or 

less  distinctly  cross-bedded 8 

8.    Limestone,  sub-crystalline 2 

7.    Limestone,  blue^  concretionary 1 

6.    Shale,  blue i 

5.    Limestone,  granular,  odlitic • 6 

4.    Limestone,  brecciated 10 

3.    Limestone,  brown,  arenaceous 8 

2.    Shale,  blue 10 

1.     Shale,  blue,  with  geodes 20 

Beds  5,  7  and  8  dress  well  and  have  been  used  in  miaking  tomb- 
stones. Number  3  has  been  used  for  all  kinds  of  rough  masonry 
and  for  bases  for  monuments.  All  the  layers  were  used  formerly 
for  manufacturing  lime,  but  number  7  was  the  best  for  this  pur- 
pose. 

LIME. 

While  all  of  the  limestone  formations  of  the  county  have  been 
used  from  time  to  time  in  the  manufacture  of  lime,  the  Saint 
Louis  was  used  most  extensively.    The  chief  lime  centers  were 
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the  city  of  Keokuk,  and  some  localities  east  of  Franklin  and 
northwest  of  Denmark.  The  industry  is  practically  extinct  at 
the  present  time. 

MAHASKA  COUNTY. 

All  of  the  more  important  streams  crossing  the  county  have 
cut  through  the  drift  and  overlying  Coal  Measures  to  the  sub- 
jacent limestone,  at  least  throughout  the  greater  portion  of  their 
courses.  The  beds  represented  are  believed  to  be  equivalent  to 
the  upper  beds  in  Marion  county,  which  are  generally  known  as 
the  Pella  beds.  Small  quarries  have  been  opened  from  time  to 
time  at  a  number  of  points,  mainly  along  the  two  branches  of 
the  Skunk  river.  Perhaps  the  most  important  quarry  section 
may  be  viewed  in  the  Mayer  quarry  about  two  miles  north  of 
New  Sharon  near  the  North  Skunk.    The  section  is  as  follows : 

INCHES. 

9.  Drift  and  Coal  Measures  of  indefinite  thickness. 

8.  Limestone 6 

7.  Limestone 5 

6.  Limestone 6 

5.  Limestone 14 

4.  Limestone , 20 

3.  Limestone 8 

2.  Clay-shale 6 

1.  Limestone,  exposed. 

The  stone  exposed  is  fine-grained,  compact,  ash  colored  to 
gray  limestone,  brittle  and  breaking  with  a  oonchoidal  to  uneven 
fracture.  The  above  divisions  represent  ledges  which  are  sepa- 
rated by  clay  partings.  Less  important  exposures  occur  at  Union 
mill  and  McBride  mill  on  the  North  Skunk;  near  Peoria  and  near 
the  Oskaloosa  water  works  on  the  South  Skunk ;  in  the  vicinity  of 
Bellefountaine  on  the  Des  Moines  river  and  along  Muchakinock 
creek.  The  same  thin-bedded,  compact,  brittle  limestone  char- 
acterizes all  of  the  leading  quarry  exposures. 

Lime  was  burnt  in  a  small  way  some  years  ago  but  the  industry 
was  never  of  more  than  local  interest. 
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MARION  COUNTY. 

The  Saint  Lords  limestone  appears  only  in  the  eastern  half  of 
the  comity  and  there  only  along  the  South  Sknnk  and  Des  Moines 
rivers  and  their  immediate  tributaries.  Only  the  two  npper  sub- 
stages  are  exposed,  the  Verdi  beds  overlain  by  the  Pella  beds. 
The  former  beds  are  not  persistent  and  comprise  a  rather  com- 
plicated series  of  sandstones,  cherty  limestones,  clays  and  shales. 
The  upper  bed's  are  prevailingly  limestones,  fairly  low  in  mag- 
nesia and  other  impurities.  While  both  formations  have  been 
exploited  to  eome  extent,  quarrying  operations  have  been  con- 
fined largely  to  the  upper  beds. 

One  of  the  most  extensive  sections  exposed  in  the  county  oc- 
curs about  two  miles  souithwest  of  Tracy,  on  the  southeast  quar- 
ter of  section  35  in  township  76  north,  range  XVIII  west.  The 
sequence  is  as  foUows : 

TRACY  SECTION. 

FBBT. 

7.    Loess  and  drift  of  indefinite  thickness 2-10 

6.    Sandstone,  argillaoeons,  much  weathered  and  iron-stained ...  6 

5.    Shale,  arenaceous,  variable  in  color  and  state  of  induration. .  4 
4.    Limestone,   argillaceous  to  arenaceous,   weathers  decidedly 

shaly 4 

3.    Limestone,  similar  to  1,  but  harder;  in  a  single  heavy  ledge..  2 
2.    Limestone,  argillaceous,  but  hard  and  brittle,  splits  into  thin 

layers  on  exposure;  highly  fossiliferous  above  and  below. . .  4 
1.    Limestone,  gray-blue,  in  heavy  beds,  finely  brecciated,  fossilif- 
erous and  slightly  crystalline;  in  three  ledges 4 

Numbers  1  to  4  inclusive  are  referred  to  the  Pella  beds. 
Numbers  1  to  3  are  <the  principal  ledges  quarried  and  appear  to 
be  well  adapted  for  dimension  stone,  rubble  and  possibly  bridge 
stone.  Number  2  yields  a  fair  flagstone.  The  individual  ledges 
in  numbers  1  to  3  are  uniform  in  thickness  and  appear  to  be 
persistent.  The  layers  are  fine-grained,  oftentimes  bluish  when 
firstt  exposed,  but  turn  white  when  long  exposed  to  the  weather. 
Number  6  appears  to  be  quite  compact  when  fresh,  and  large 
blocks  miay  be  removed.  When  exposed  to  the  atmosphere,  the 
blocks  disintegrate  rapidly  to  a  drab  product  resembling  clay. 
It  is  highly  fossiliferous  throughout. 

A  switch  of  the  Ghioago,  Burlington  and  Quincy  railroad  has 
been  laid  into  the  quarries.    These  have  been  opened  up  on  the 
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north  bank  of  Oedar  creek  for  a  distance  of  more  than  half  a 
mile. 

In  the  vicinity  of  the  town  of  Harvey  the  limestones  belonging 
to  the  Pella  beds  of  the  Saint  Louis  and  the  Lower  Coal  Measure 
strata  are  exposed  at  many  points  in  the  valley  of  English  creek 
and  along  the  west  border  of  the  Des  Moines  valley.  They  ap- 
pear also  in  the  hillsides  along  the  ravines  and  small  streams 
in  seotions  10  to  15,  Clay  township.  All  of  the  exposures  of  the 
Pella  limestones  observed  in  this  vicinity  are  covered  with  a 
greater  or  less  thickness  of  the  Des  Moines  shales  and  glacial 
drift.  As  a  rule  the  amount  of  these  materials  is  so  great  as  to 
prohibit  the  quarrying  of  the  limestone.  Prospecting  has  shown, 
however,  that  there  are  considerable  areas  in  the  north  part  of 
section  15  and  the  south  portion  of  10  where  the  limestone  lies 
from  but  fifteen  to  twenty  feet  below  the  surface,  and  where  the 
covering  is  said  to  consist  largely  of  shales.  This  association 
of  the  shales  and  limestone  is  favorable  to  their  use  for  cement 
manufacture.  Near  the  southeast  comer  of  the  southwest  quar- 
ter of  section  10,  eleven  feet  of  thin  bedded  white  and  fairly 
uniform  limestone  outcrop  in  an  old  quarry  face.  One-eighth 
mile  distant  to  the  east  the  stone  is  seen  at  a  higher  elevation  in 
the  hillside.  Test  holes  are  reported  to  penetrate  not  over  eight 
feet  of  worthless  overburden  over  forty  acres  at  this  place,  the 
remaining  beds  above  the  stone  being  clean  shale.  The  limestone 
is  reported  by  the  driller  to  extend  to  a  depth  of  twenty-two  to 
twenty-five  feet,  which  would  bring  the  base  of  the  bed  near  the 
level  of  the  Des  Moines  flood  plain. 

Chemical  investigations  and  burning  tests  of  blends  of  the 
shale  and  limestone  prove  their  suitability  for  making  a  good 
quality  of  Portland  cement.  A  company  is  now  engaged  in  ex- 
ploiting the  deposits  and  options  are  held  on  a  large  acreage 
lying  mostly  to  the  south  of  Harvey  but  including  land  also  near 
the  Bock  Island  railway  on  English  creek.  It  is  proposed  to 
erect  here  a  plant  of  large  capacity  and  to  make  use  of  the  Des 
Moines  shales  and  underlying  limestone  that  are  found  in  this 
district.  Transportation  facilities  on  three  railroads  afford 
good  outlets  for  the  finished  product.  Coal  is  now  being  mined 
on  land  optioned  by  the  company  and  prospecting  shows  the 
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presence  of  a  heavy  vein  underlying  contiguons  territory  whicli 
will  famish  an  abundant  supply  of.  a  fair  grade  of  fnel. 

<Jood  exposnres  of  the  Verdi  beds  may  be  viewed  along  tJie 
Skunk  river  in  Lake  township,  especially  in  sections  23,  24  and 
26.  A  composite  section  for  ^tbe  district  'shows  the  following 
beds: 

6.     Loees  and  drift,  of  variable  thicknesH. 

6.     SandatODe,  buff,  cross-bedded,  lower  part  very  soft 5 

4.     Limestone,  massive,  cherty,  breaks  irregalarly 4 

3.  '  SandstoDe,  gray,  soft  to  quartiitic  in  places 3 

2.     Limestone,  oberty 2 

1.  Sandstone,  maasive,  yellow,  with  interbedded  arenaceo- 
calcareous  bands  one-halt  inch  to  foar  inches  in  thicknesa. 
These  bands  are  very  hard,  compact,  fine-grained,  and  are 
more  resistant  to  weathering  than  the  sandstone,  so  that 
layers  stand  out  on  weathered  sarfaces.  Occasional  irreg- 
ular fragments  ot  this  limestone,  1  to  2  inches  in  diameter, 
are  found  in  the  sandstone;  exposed 20 


Fio.  B— ExiMBure  of  Saint  Louts  llmesloDe,  near  Harrer,  ihowlog  Fslla  beds. 
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Number  4  is  quarried  to  some  extent,  the  product,  being  used 
for  rough  masonry.  The  heavy  overburden  and  the  difficulty  of 
producing  regular  blocks  preclude  any  possibility  of  its  extensive 
use  as  a  coursing  stone. 

The  Pella  beds  have  been  quite  extensively  developed  at  Dur- 
ham and  between  Durham  and  Flagler ;  southwest  of  Pella  on 
the  Pella-Knoxville  road,  and  north  of  Tracy.  The  quarry 
opened  between  Durham  and  Flagler,  between  the  Chicago,  Rock 
Island  and  Pacific  and  Chicago,  Burlington  and  Quincy  railways, 
shows  the  following  sequence  of  beds : 

FEET. 

6.     Loess  and  drift 3 

4 .  Limestone,  thinly  bedded 6 

3.  Limestone,  in  well  defined  ledges,  varying  from  6  to  20  inches 

in  thickness 5i 

2.  Limestone,  soft,  granular,  of  little  value  for  structural  purposes        H 

1 .  Limestone,  very  hard,  breaks  irregularly 3 

A  twenty  inch  ledge  near  the  middle  of  number  3  is  the  princi- 
pal layer  in  the  quarry.  It  is  coarse-grained,  dark  colored,  but 
weathers  white.  The  vertical  joint  planes  are  a  sufficient  dis- 
tance apart  to  permit  the  removal  of  blocks  of  large  size.  Much 
of  the  product  from  this  quarry  and  the  old  quarry  northeast  of 
Durham  has  been  shipped  to  points  along  the  Chicago,  Eock 
Island  and  Pacific  railroad  as  far  east  as  Washington,  Iowa. 
Most  of  the  stone  used  for  structural  purposes  and  flagging  in 
Pella  has  been  obtained  from  two  quarries  located  about  one  and 
one-half  miles  southwest  of  the  town  on  the  Pella-Kjioxville  road. 
The  beds  exposed  are  very  similar  to  those  which  are  shown  in 
the  preceding  section,  save  that  an  extensive  deposit  of  marl 
similar  to  that  which  occurs  in  the  Tracy  quarries  overlies  the 
limestone. 

The  Durham-Flagler  section  is  almost  exactly  duplicated  in  a 
quarry  opened  on  the  southeast  quarter  of  section  13,  in  Clay 
township,  about  three  miles  southeast  of  Harvey.  The  beds  ex- 
posed here  are  as  follows: 

PBBT. 

5.  Loess  and  drift,  of  variable  thickness. 

4.  Limestone,  thinly  bedded,  greatly  fractured 6 

3.  Limestone,  in  ledges  varying  from  4  to  20  inches  in4;hickne88        5 

2.  Shale,  black  above  and  gray  below,  soft IJ 

1 .     Limestone,  thinly  bedded,  crystalline 1 
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Here  as  before  a  twenty  inch  ledge  just  below  the  middle  of 
number  3  is  the  principal  ledge  in  the  quarry.  It  is  granular 
in  texture,  with  vertical  joint  planes  from  four  to  ten  feet  apart. 

While  the  beds  which  comprise  the  Pel  la  sub-stage  are  per- 
sistent and  uniform  in  texture,  and  of  convenient  and  sufficient 
thickness  for  building  and  other  structural  purposes,  they  will 
probably  never  be  extensively  developed  on  account  of  the  small 
aggregate  thickness  of  the  beds  which  are  usable  as  compared 
with  the  amount  of  overburden  and  worthless  layers  which  must 
be  handled.  Some  of  the  upper  beds  will  not  stand  alternate 
freezing  and  thawing,  and  should  not  be  used  in  permanent 
structures.  The  principal  ledges,  however,  appear  to  withstand 
weathering  indefinitely  as  indicated  by  their  fresh  appearancei 
both  in  niatural  quarry  sections  and  in  walls  which  have  been  ex- 
posed to  the  elements  for  more  than  twenty  years. 

The  following  tests  were  made  by  Professors  Marston  and 
Weems  on  specimens  secured  from  the  Tracy  quarry : 

CRUSHING  TEST. 


stone 

Height 
In  Inches 

Cross  Sec- 
tion 
Square 
Inches 

Breaking  Stress— Pounds 
Per  Square  Inch 

Spalling 

Failure 

No.  31,  Saint  Louis  Limestone 

No.  32,  Saint  Louis  Limestone 

1.95 
2.00 

4.12 
4.20 

7,300 
5,200 

9,600 
9,900 

ABSORPTION  TEST. 


Per  Cent  of  Increase 

Stone 

24  Hours 

Week 

Total 

No.  31,  Saint  Louis  Limestone 

2.28                 0.99                   3.27 

CHEMICAL  COMPOSITION. 

Calcium  carbonate  (CaCOa) 94.60 

Magnesium  carbonate  (MgCOs)  3.17 

Alumina  ( AljOa) 0.49 

Iron  oxides  (FeO-f Fe.Os) 0.17 

Insoluble 1.57 
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Lime  was  burned  in  sufficient  quantity  to  meet  the  local  de- 
mand in  the.  early  history  of  the  county,  but  the  industry  has 
been  abandoned. 

POCAHONTAS  COUNTY. 

But  a  single  exposure  of  the  indurated  rocks  ia  known  in  this 
county.  The  Saint  Louis  has  been  quarried  for  a  number  of 
years  two  miles  north  and  one  mile  west  of  Gilmore.  The  quarry 
is  now  owned  and  operated  by  Andrew  Bull.  The  opening  is  far 
leas  extensive  than  formerly,  but  the  following  beds  may  be 
observed : 


Fio,  St— Saint  Louis  Umestoae  beds  as  tbey  appear  neAT  Ollmore,  1 
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FBBT. 

11.    Soil,  sand  and  gravel 5 

10.    Crystalline  limestone,  light  brown  in  color;  cavernous  due  to 

weathering,  much  shattered  and  of  little  value 4 

9.  Limestone,  light  brown,  coarse  in  texture  and  sub-crystalline, 
splits  well  with  bedding  planes,  but  in  an  irregular  manner 
vertically,  heavy  bed 3 

8.    Ledge,  as  above,  underlain  with  two  inches  plastic,  variegated 

red  and  greenish  clay . ; li 

7.  White  to  pinkish  brown  limestone,  in  part  fossiliferous;  beds 
broken  by  vertical  joint  planes  along  which  water  has 
formed  many  small  caverns  and  on  which  small  pyrite 
nodules  and  fossils  stand  in  relief.  Ledges  running  two 
inches  up  to  three  feet  in  thickness 10 

•T.  H.  Macbride  in  Geology  of  Humboldt  County  gives  the 
following  additional  strata  then  visible  below  the  above  section : 

FEET. 

6.  Blue  shales,  limestone  and  clay;  very  fossiliferous 2 

5.  Lithographic -limestone,  much  inclined  to  angular  fracture...  1\ 

4.  Heavy-bedded,  fine-grained  limestone,  no  fossils 3 

3.  Shaly,  thin-bedded  limestones,  with  few  fossils 1 

2.  Coarse-grained,  fossiliferous  limestone,  containing  fragments 

of  No.  1,  but  separated  from  it  by  a  parting  of  shale 1 

1 .  Lithographic  limestone,  fine-grained  and  very  hard 2 

This  author  regards  the  lowest  beds  as  equivalent  to  those 
quarried  at  Humboldt  in  the  adjoining  county  to  the  east. 

Numbers  7,  8  and  9  constitute  the  principal  quarry  rock.  An 
analysis  made  of  a  sample  from  these  members  is  given  here- 
with: 

Silica  (SiO.) 0.32 

Calcium  carbonate  (CaCO,) 99.62 

Water  and  undetermined .• 0.06 

J.  B.  Weemb,  analyst. 

A  casual  inspection  of  this  analysis  shows  the  limestone  to 
be  almost  absolutely  pure  and  it  appears  to  be  of  high  quality. 

The  quarry  is  located  in  the  lowest  portion  of  a  broad  depres- 
sion which  appears  to  be  the  site  of  a  former  pond  or  sinkhole. 
It  is  a  local  center  of  drainage  and  some  trouble  with  water  has 
been  encountered.  The  drift  overburden  varies  from  five  to  ten 
feet  at  exposures,  but  there  is  a  considerable  area  in  which  the 
stone  probably  lies  at  no  great  depth  beneath  the  surface.  The 
Des  Moines  and  Buthven  division  of  the  Chicago,  Bock  Island 

•Iowa  Geological  Survey,  Vol.  IX,  p.  132. 
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and  Paxjific  Railway  traverses  the  depression  and  a  switch  for- 
merly extended  to  the  quarry.  The  stone  is  now  hauled  one- 
fourth  of  a  mile  to  the  railroad,  and  although  the  quarry  is  in 
constant  operation,  the  annual  output  is  small.  Excellent  di- 
mension stone  for  all  purposes  is  afforded.  The  equipment  con- 
sists of  one  large  derrick  operated  by  an  engine.  The  ruins  of 
an  old  lime  kiln  indicate  'that  this  industry  has  formerly  been  of 
some  importance. 

STORY  COUNTY. 

story  county  is  poorly  supplied  with  stone  suitable  for  struct- 
ural purposes.  The  Saint  Louis  limestone  affords  a  limited 
quantity  of  stone  adapted  to  foundation  work  and  use  in  the 
rougher  grades  of  masonry.  The  rock  is,  as  a  rule,  highly  ab- 
sorbent and  does  not  stand  frost  well.  Its  earthy  buff  to  gray- 
buff  color  gives  it  a  dull,  somber  appearance  which  increases 
rapidly  on  exposure  on  account  of  the  readiness  with  which  it 
takes  up  foreign  matter.  Some  quarrying  has  been  done  at 
nearly  every  one  of  the  outcrops  in  the  county,  though  in  no  in- 
stance does  the  annual  output  of  any  single  quarry  exceed  a  few 
dozen  cords  of  rough  stone.  The  ledges  developed  are  practi- 
cally the  same  at  all  points  and  are  confined  to  Skunk  river 
between  Bloomington  and  Soper's  mill,  and  to  Onion  creek,  a 
tributary  of  Squaw  creek,  northeast  of  Ontario.  The  section  ex- 
posed north  of  Hannom  's  mill  may  be  considered  a  fair  average 
for  the  Skunk  river  district,  and  is  as  follows : 

FBBT. 

6.     Till,  pale  yellow;  unoxidized  and  unleached 0-6 

5.  Till,  oxidized  to  a  deep  reddish  brown  and  thoroughly 
leached;  much  weathered  limestone  and  many  decayed 
granite  bowlders,  and  numerous,  tolerably  fresh  greenstones 
present 1-3 

4.    Limestone,  residual;  reduced  to  an  iron-stained,  cavernous 

chert 1 

3.  Limestone,  arenaceous,  where  unaltered,  a  bluish  gray,  but 
weathering  stains  it  a  yellowish  brown;  not  thoroughly 
indurated,  though  when  unweathered  presents  a  massive 
appearance 5 

2.  Sandstone,  bluish  gray;  shaly,  presents  a  fissile  character  after 
being  exposed  to  the  weather,  and  forms  a  marked  re- 
entrant in  the  quarry  face 3 

1.  Limestone,  impure,  buff  to  earthy-yellow,  gray-buff  when 
unweathered,  heavy-bedded,  compact;  lithographic  in  part, 
chief  quarry  stone;  exposed 8 
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At  the  Blooniington  quarries  more  of  number  1  is  exposed. 

Several  outcrops  of  the  Saint  Louis  may  be  observed  along 
Onion  creek  in  section  32,  Franklin  township.  The  beds  exposed 
attain  a  maximum  thickness  of  nearly  thirty  feet,  but  are  less 
constant  in  character  than  their  equivalents  along  Skunk  river. 
A  composite  section  representing  the  district  is  as  follows: 


Fio.  U— Repr«s«Dlallve  lectlna  at  Salat  Louis  Umeitooe,  a 
about  lour  mllea  nonbireit  ot  Ami 


7.    Drift  and  Boil  of  vmriable  thicknesi,  in  placet  reduced  almost 

to  zero,  but  tbichens  greatly  in  the  bluffs  1-70 

6.  Limestone,  thinly  bedded  and  much  weathered,  stratification 
planes  almost  entirely  eliminated;  in  places  grading  upward 
into  a  residual  clay 4 

5.    Limestone,  impure,  yeMowish  brown,  or  gray-brown,  compact 

to  earthy,  heavy-bedded 7 

4.     Limestone,  finely  arenaceous  and  marly,  contains  beautifully 

preserved  mud  cracks  and  ripple  marks  in  places 2 

3.     Sandstone,  white  to  bluish  gray,  friable;  obliquely  laminated 

and  fleeile;  readily  undermined  by  the  creek;  not  persistent        H 

2.    Limestone,  cherty  and  concretionary;  contains  much  limonitic 

iron 2 

1.    Sandstone,  argillaceous;  becoming  shaly  below,  exposed 3 
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Number  5  is  the  principal  bed  quarried  and  is  very  similar 
to  the  leading  quarry  rock  developed  in  the  Hannom's  mill  and 
Bloomington  quarries. 

VAN  BUREN  COUNTY. 

Gordon  thus  described  the  beds  of  the  Saint  Louis  stage  as 
they  occur  in  Van  Buren  county:* 

'  *  The  Saint  Loiiis  limestone  constitutes  the  uppermost  division 
of  the  Mississippian,  .  .  .  and  has  the  greatest  superficial  extent 
of  any  of  these  members  in  Van  Buren  county.  It  is  generally 
overlain  by  the  rocbs  of  the  Des  Moines  atage  of  the  Upper  Car- 
boniferous. .  .  .  The  maximum  thickness  in  Van  Buren  county 
probably  does  not  exceed  ninety  feet. 

In  lithological  characters  the  rocks  composing  the  formation 
show  great  variation.  In  general  they  present  a  three-fold  divis- 
ion consisting  of  (1)  brown  arenaceous  and  magnesian  lime- 
stone, (2)  brecciated  limestone,  and  (3)  grey,  compact,  and 
granular  limestone. 

Arenaceo-magnesia/n  Beds.  The  first  of  these  is  exposed  at 
many  places  along  the  Des  Moines  and  is  especially  well  devel- 
oped in  the  vicinity  of  Kilbourn  and  in  the  bluflFs  below  Keo- 
sauqua.  It  consists  of  fine-grained  or  vesicular  magnesian  lime- 
stone in  rather  heavy  ledges,  which  grade  horizontally  into  a 
more  or  less  clearly  marked  arenaceous  rock  characterized  in 
places  as  a  sandstone.  A  large  percentage  of  the  rock,  however, 
is  made  up  of  calcareous  matter,  and  hence  it  is  more  properly 
designated  as  an  ar^aceous  limestone.  It  is  well  developed  on 
Price  and  Bear  creeks  where  it  furnishes  a  very  good  quality 
of  stone  for  building  purposes,  and  has  been  quarried  quite  ex- 
tensively for  plates  and  sills.  This  bed  represents  that  quarried 
at  Belfast  and  Keokuk.  It  constitutes  the  upper  member  of  the 
Warsaw  as  originally  defined.  The  arenaceous  character  is 
confined  generally  to  the  lower  part  of  the  beds,  but  on  Bear 
creek  as  well  as  elsewhere,  sand  forms  the  larger  part  of  the 
formation.  The  magnesian  limestone  constitutes  the  moat  gen- 
erally recognized  phase  of  the  division  in  the  county.  When  first 
removed  from  the  bed,  the  rock  is  of  a  blue  or  drab  color,  but  it 
soon  changes  to  a  rusty  brown  by  the  oxidation  of  the  iron 

♦Iowa  Geological  Survey,  Vol.  IV,  p.  214. 
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which  it  contains. ...  The  magnesian  rock  occurs  in  thick,  gently 
undulating  beds,  amd  is  distinguished  by  a  more  or  less  concre- 
tionary structure. ...  In  places  these  beds  are  interrupted  by  the 
brecciated  phase  which  in  ithese  instances  is  in  direct  continuity 
with  that  of  the  overlying  bed.  The  thickness  of  the  arenaceo- 
magneskn  beds  varies  from  ten  to  twenty-five  feet. 

Brecciated  Limestone  is  a  widely  recognized  phase  of  the  for- 
mation in  Iowa.  The  bed  is  made  up  generally  of  compact  and 
granular,  grey  limestones,  in  sharp  angular  fragments  of  various 
sizes  cemented  together  by  similar  calcareous  material. ' ' 

Near  the  mouth  of  Eeed  creek,  the  whole  of  an  exposure  sev- 
enty-five to  eighty  feet  in  height  shows  brecciation.  The  lower 
portion  represents  the  arenaceo-magnesian  bed  and  is  composed 
of  large  fragments  of  this  limestone  with  clay  filling  the  inter- 
stices, while  the  upper  part  is  made  up  of  the  compact  and  gran- 
ular limestone  more  completely  cemented.  In  the  vicinity  of 
Keosauqua,  the  upper  portion  of  the  bed  contains  more  or  less 
arenaceous  material.  This  is  well  marked  on  the  south  side  of 
the  Des  Moines  above  the  town,  where  a  brown  sandstone  ten  to 
twenty  feet  thick  replaces  nearly  the  whole  brecciated  division 
and  is  overlain  by  limestone.  Two  or  three  miles  below,  the 
sandstone  varies  from  five  to  twenty-five  feet  in  thickness  and 
rests  upon  the  brecciated  bed,  while  it  is  overlain  by  the  compact 
limestones  as  shown  in  the  bluffs  opposite  Keosauqua. 

Quoting  again  from  Grordon : 

**The  sandstone  at  Keosauqua  is  decidedly  calcareous  in 
places,  and  sometimes  includes  irregular  ledges  and  fragments 
of  limestone.  .  .  .  The  thickness  of  the  brecciaAed  division  varies 
from  nothing  to  seventy-five  feet.  In  general,  however,  it  may  be 
said  to  be  from  ten  to  twenty  feet  thick. 

Compact  and  Granular  Limestone.  Overlying  the  brecciated 
limestone  in  places,  and  the  Keosauqua  sandstone  where  that 
formation  occurs,  is  a  compact,  fine-grained,  grey  limestone 
characterized  by  having  a  conchoidal  fracture,  concretions,  and 
a  considerable  number  of  fossils.  ...  In  some  places  the  compact 
limestone  is  replaced  by  a  thin-bedded  limerock  with  a  marked 
granular  structure  often  cross-bedded.  .  .  .  The  limestone  of  this 
upper  division  is  well  developed  along  Indian  creek  where  the 

29 
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■ 

compact  variety  is  quarried  quite  extensively.  The  thickness  of 
the  bed  does  not  exceed  fifteen  feet."  **It  is  also  quarried  at 
Keosanqua  on  both  sides  of  the  river.  * ' 

As  pointed  out,  the  Saint  Louis  beds  have  been  more  exten- 
sively quarried  than  the  other  formations  of  the  county.  Near 
the  Des  Moines  river  in  the  northwest  quarter  of  section  31, 
Lick  Creek  township,  the  Saint  Louis  beds  were  formerly  opened 
up  for  quarrying.  A  few  feet  of  the  upper  arenaceous  limestone 
has  been  quarried  at  Kilbourn  and  at  other  points  on  Lick  creek 
but  all  these  openings  have  been  long  since  abandoned. 

The  white  limestone  has  been  quarried  on  Thatcher's  creek 
on  the  southeast  quarter  of  section  2,  also  on  the  southeast 
quarter  of  section  1,  Des  Moines  township.  Just  east  of  the 
town  of  Keosauqua  near  the  north  edge  of  section  31,  twelve  to 
fifteen  ledges  have  long  been  worked  for  foundation  and  rough 
building  stone. 

The  Saint  Louis  beds  have  been  opened  up  for  local  use  at 
many  places  along  Bock  creek  in  Washington  township.  Gordon 
(page  220)  gives  the  following  section  at  the  mouth  of  Bock 
creek: 

ROCK  CREEK  SECTION 

PEBT. 

6.    Concealed 6 

5.    Limestone,  compact,  grey;  breaking  with  conchoidal  fracture; 

contains  abundant  brachiopod  remains 6 

4.     Sandstone,  brown,  quartzose 4 

3.    Limestone,  brecciated,  well  cemented 20 

2.    Limestone,   hard,  blue,  weathering  brown;   heavily  bedded 
and    concretionary;    sandy   at    top,   at    base  bluish    and 

dolomitic  in  appearance 14 

1.    Concealed  to  river  level 35 

Total 84 

Number  2  has  been  quite  extensively  quarried  here  for  the 
early  river  improvements. 

Northeast  of  Bonaparte  on  Mack  creek  and  farther  south  on 
Beed  and  Poitter  creeks,  the  sandstone  and  brown  magnesian 
strata  have  been  quarried  for  use  in  locks  and  dams  in  river  im- 
provement work.  The  beds  worked  on  Beed  creek  afford  a  stone 
which  dresses  well  and  has  been  used  also  for  caps,  sills  and  for 
well  and  cellar  walls.  It  is  said  to  be  much  more  durable  than  the 
white  limestone  under  the  same  conditions.   Unlimited  quantities 
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of  these  strata  are  available  along  Potter  and  Reed  creeks, 
where  little  stripping  would  be  necessary  and  the  quarries  would 
be  conveniently  accessible  to  the  railroad. 

The  blue  sandstone  has  been  quarried  for  many  years  on  Bear 
creek  in  •section  11,  and  a  more  recent  opening  has  been  made 
by  Perry  and  Isaac  Davis  in  the  northwest  comer  of  section  31, 
Henry  township.  The  section  at  the  latter  place  is  given 
herewith : 

FEET. 

7.    Drift,  sand  and  gravel 2i-10 

6.  Blue-gray  ''soapstone^'  shale  with  thin  limestone  layers  in  lower 

portion 6 

5.  Arenaceous  limestone,  light  brown,  to  bluish 2i 

4.  Sandy  blue  magnesian   limestone,  ' 'sandstone*',  solid  ledge 

which  splits   readily  with  chisel  parallel  to  bedding;  some 

chert  near  base 6 

3.     Irregularly  bedded  gray  to  blue,  coarse-grained  limestone, 

fossiliferouB  (bryozoan  abundant) 5+ 

2.     ''Soapstone,"  containing  chert,  to  water  in  creek li 

1 .    White  limestone  reported  to  unknown  depth li 

Number  6  is  plastic  and  appears  free  from  concretionary  mat- 
ter. The  maximum  amount  of  stripping,  about  fifteen  feet,  is  in- 
dicated in  the  section.  Stone  is  shipped  from  this  quarry  but 
muat  be  hauled  to  the  railroad  at  Bentonsport.  The  sandstone 
gives  good  satisfaction  in  walls,  and  dresses  well  for  use  in  more 
conspicuous  and  exposed  parts  of  buildings.  John  Gaston  has  a 
small  opening  in  the  same  beds  one-fifth  of  a  mile  aouth  on  the 
opposite  side  of  Bear  creek. 

A  good  development  of  the  ** sandstone*'  occurs  also  in  the 
Price  quarry  on  a  tributary  of  Ohequest  creek  in  the  southwest 
quarter  of  section  20,  Van  Buren  township. 

Section  six  miles  northwest  of  Keosauqua  along  a  small  tribu- 
tary of  Ohequest  which  enters  the  larger  stream  from  the  south- 
west: 

FBBT. 

7.  Drift  and  loess  of  variable  thickness. 

6.  Limestone,   much  weathered   and  siliceous,   certain    layers 

weather  shaly  and  are  stained  red  to  yellowish  brown 2-4 

5.  Limestone,  blue-gray,  evenly  bedded  and  of  uniform  texture; 

very  hard  and  tough,  beds  up  to  thirty  inches  in  thickness..        4 
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4.    Talus  elope. 

3.  Limeatooe,  gray,  vesicular,  coarser  textured  than  number  5 
and  foBSiltferone,  partially  obscured  by  talus  slope;  thjck- 
nesB  not  determined, 
.  S,  Sandstone  in  heavy  ledges,  evenly  bedded  though  beds  are 
somewhat  undulating;  Uyera  smooth  enough  to  be  oaed  for 
dimension  stone  without  tooling 10-12 

1.  Shale,  calcareous  to  arenaceous,  blue-gray,  yellow  where 
weathered;  said  to  become  more  shaly  below  the  bed  oi  the 
stream;  exposed 3 

The  sandstone  beds  range  np  to  three  feet  in  thickness,  al- 
though blocks  more  than  two  feet  thick  were  not  seen  in  any  of 
the  sections  exposed.  It  has  been  used  extensively  for  bridge 
work  and  other  heavy  masonry.  This  stone  was  used  for  the 
piers  which  support  the  wagon  bridge  across  the  Dea  Moines 
river.  It  yields  to  any  kind  of  stone  dressing,  is  strong  and 
withstands  weathering  influences  well.  Blocks  pat  in  walla  or 
piers  more  than  a  half  century  ago  still  retain  the  tool  marks, 
which  appear  to  be  as  fresh  as  when  the  blocks  were  laid.  On 
account  of  lack  of  transportation  facilities  almost  no  stone  is 
quarried  at  the  present  time. 
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The  Saint  Louis  limestone  is  well  exposed  all  along  Ohequest 
creek  from  the  middle  of  Chequest  township  to  Pittsburgh.  As 
indicated  in  the  above  two  sections  the  lower  portion  of  the  mag- 
nesian  limestone  grades  locally  into  a  sandstone. 

The  large  proportion  of  the  stone  used  in  the  southern  part  of 
the  county  has  come  from  the  Indian  creek  quarries  west  of 
Farmington.  Outcrops  occur  along  this  stream  from  near  its 
mouth  to  the  quarries  on  the  line  between  sections  5  and  32  of 
Farmington  township.  The  quarry  in  section  5  is  now  worked  by 
Cyrus  Falker  and  Mark  Hombaker.  Limebuming  was  formerly 
done  here.    The  strata  now  visible  are  given : 

FBET. 

8.    Loess  and  drift I(H- 

7.    Limestone,   gray,   coarsely  sub-crystalline,  weathering  to  a 

friable  condition;  thin  shaly  layer  lit  base 2i 

6.  Limestone,  homogeneous  and  fine-grained,  with  conchoidal 
fracture  above;  coarser  and  more  impure  below;  separated 
into  heavy  ledges,  the  upper  one  18  inches  thick;  stone 
traversed  by  seams  of  crystalline  calcite  which  in  general 
run  vertically *. 5| 

6.    Obscured 3i 

4.  Soft  shale,  gray 4 

3.  Limestone,  heavy  ledge;  gray,  compact,  fracture  conchoidal, 

irregularly  shattered  by  weathering 2i 

2.  Alternating  bands  of  light  blue  to  brown  limestone  and  slaty 

shale 2 

1.    Thin-bedded  limestone,  to  water 3t 

Only  the  members  above  No.  5  have  been  used.  The  upper 
three  feet  of  No.  6  make  a  fair  building  rock.  It  is  hard  and 
weathers  slowly.  There  is  a  considerable  area  on  both  sides  of 
the  creek  where  the  stone  is  available  without  an  excessive 
amount  of  stripping.  The  beds  would  afford  a  good  product  if 
crushed.  The  Chicago,  Burlington  and  Quincy  railroad  follows 
Indian  creek  and  would  afford  good  transportation  facilities. 

Section  one  and  a  half  miles  west  of  Farmington,  south  of 
coal  chute  of  Chicago,  Burlington  and  Quincy  railroad : 

PBBT. 

6.    Loess  and  wash,  rather  sandy  and  iron-stained  and  mottled 

throughout 5-20 

5.  Shale,  clayey,  blue-gray 3 

4.  Shale,  arenaceous,  hard,  projecting  ledge;  variable 1-2 

3.  Shale  as  above 3 
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RBT. 

2.  Shale,  arenaceous,  forms  a  projecting  ledge  similar  to  4,  va- 
riable      1-2 

1 .  Shale,  somewhat  variable  in  texture,  varying  from  plastic  and 
gritless  to  slightly  arenaceous;  as  a  rule  becomes  highly 
plastic  on  weathering;  evidently  fissile,  blue-gray  to  dark 
blue;  occasional  concretions  and  geodes  present.  Exposed 
above  creek  channel  about 8 

About  one-half  mile  farther  west  a  masisive  sandstone  appears 
in  a  cut  along  the  railroad  and  below  the  railroad  bridge  the 
heavy  bedded  sandstone  may  be  seen  resting  on  the  shales.  The 
undercutting  of  the  creek  has  produced  and  is  maintaining  an 
escarpment.  The  bedding  planes  in  the  sandstone  are  not  appar- 
ent and  the  beds  in  the  railway  cut  appear  to  be  disturbed.  The 
sandstone  and  shales  appear  to  be  the  equivalents  of  those  ex- 
posed along  the  Des  Moines  river  below  Belfast. 

The  ass<x^iation  of  the  shales  and  lime^ones  in  the  above  sec- 
tion and  the  presence  of  the  latter  but  a  short  distance  to  the 
eastward  is  favorable  to  their  utilization  in  the  manufacture  of 
Portland  cement.  The  chemical  composition  of  an  average 
sample  of  the  limestone  beds  exposed  in  the  Falker  and  Horn- 
baker  quarry  and  of  the  blue  shale  exposed  near  the  mouth  of 
Indian  creek  is  shown  in  the  chemical  analysis  herewith : 

LnCBBTONB         0HALB 

Insoluble 10. 14  

Silica  (SiO,) 36.48 

Alumina  (AlaO>) 0.90  15.85 

Ferric  oxide  (FcaOa) 0.90  5.43 

Lime  (CaO) 49.67  12.56 

Magnesia  (MgO)  0.18  6.24 

Potash  (K,0) 1.59 

Soda  (Na.O) 0.26 

Sulphur  trioxide.  (80,) 3.36 

Carbon  dioxide  (CO, ) 

Hygroscopic  water  (Hyg.  H,0) 0.15  1.88 

Loss  by  ignition 17 .  14 

WAPELLO  COUNTY. 

In  Wapello  county  the  representatives  of  the  Saint  Louis 
stage  that  are  of  economic  importance  belong  to  the  Pella  beds, 
the  upper  division  of  the  formation.  Exposures  are  practically 
confined  to  the  northwestern  part  of  the  county  where  the  beds 
outcrop  along  the  Des  Moines  valley  from  Eddyville  to  Ottumwa, 
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Fio.  St— John  LaffertT  quarrjr,  Eddrvllle. 

and  on  the  North  and  South  Avery  creeks  in  the  vicinity  of 
Dudley. 

Limestone  was  formerly  quarried  at  a  number  of  openings 
soirtii  of  Bddyville,  near  the  mouth  of  Miller  creek.  The  John 
Lafferty  quarry  is  the  only  one  now  in  operation.  It  is  located 
on  Miller  creek  in  the  southwest  quarter  of  section  7,  Columbia 
township.  The  section  exposed  here  for  a  distance  of  eight  to 
ten  rods,  is  as  follows : 

7.     Loees  and  river  silt 5 

6.     ReeiduHl  clay,  deep  red,  plastic 3i 

5.     ReaiduHl  clay,  greenieh,  calcftreooB,  grading  into  argillaceous 


4.  Compact  limestone  of  lithographic  texture  and  separated  by 
marly  partings;  on  exposure  it  becomes  badly  shattered  by 
weathering  of  partings  and  vertical  jointing 

3.  Heavy  limestone  bed,  bigbly  foeeiliferoua,  upper  portion  con- 
tains cavities  lined  with  calcite  and  abundant  iron  pyrite 
concretions;  two  ledges,  respectively  14  and  22  inches 

2.    Shell  marl,  a  few  inches. 

1.  Close- textured  bluish  limestone  in  4  to  6  inch  layers,  to  base 
of  quarry 
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Number  3  shapes  readily  and  affords  excellent  stone  for  build- 
ing purposes  and  for  heavy  masonry. 

This  quarry  supplies  stone  which  is  used  in  bridge  abutments 
in  this  and  adjoining  counties.  The  stone  is  handled  by  derrick 
and  loaded  on  wagons.  Considerable  quantities  have  been 
shipped  from  Eddyville.  There  is  a  triangular  terrace  area  here 
of  considerable  extent  lying  between  the  Des  Moines  river  and 
Miller  creek  around  the  borders  of  which  the  stone  outcrops. 
The  overburden  is  probably  not  more  than  ten  or  twelve  feet  at 
any  place,  and  an  unlimited  supply  is  thus  available. 

At  Dudley  large  quantities  of  rock  have  been  removed  just 
west  of  the  Chicago,  Burlington  and  Quincy  station,  both  north 
and  south  of  the  tracks.  Stone  is  now  quarried  by  Andrew 
Lames  on  the  south  side  of  the  railroad.  The  following  strata 
are  shown  in  the  quarry  face : 

,     •  PBBT. 

5.     Loess-like  silt,  underlain  with  a  thin  bed  of  iron-stained  gravel      18 

4.     Bluish  shale  in  places. 

3.  Limestone,  compact  but  shatters  readily  on  exposure,  sepa- 
rates in  2  to  3  inch  laminae 2i 

2.  Limestone,  compact,  light  brown  to  blue,  fossiliferous  in  up- 
per portion,  and  contains  much  iron  pyrites 9i 

1 .     Blue  limestone  in  thin  layers 18-20 

Only  number  2  is  used  for  building  purposes  and  it  furnishes 
good  dimension  stone,  although  not  so  heavy  as  the  correspond- 
ing layer  in  the  Eddyville  section.  Much  crushed  stone  is  pro- 
duced, the  Railroad  Company  using  the  major  portion  of  the 
output.  All  work  in  the  quarry  is  by  hand.  Stone  for  the 
crusher  is  loaded  on  small  jflat  cars  and  drawn  by  one  horse. 
Stripping  is  done  by  means  of  scrapers. 

The  T.  L.  Stevens  opening  is  located  on  Middle  Avery  creek 
one-half  mile  south  of  Dudley.  The  same  strata  are  to  be  seen 
as  given  in  the  section  above.  They  are  covered  with  loess  and 
gravel.  The  iron  sulphide  concretions  are  more  conspicuous  and 
numerous  than  in  the  Lames  secition. 

The  Saint  Louis  beds  in  this  vicinity  afford  a  fair  grade  of 
crushed  stone  for  ballast.  The  presence  of  iron  pyrite,  which 
rapidly  weathers  and  leaves  blotches,  streaks  of  iron  rust,  and 
small  cavities  in  the  stone,  is  a  drawback  to  the  extensive  use  of 
number  2,  which  i«  otherwise  suitable  for  building  purposes. 


WAPELLO  COUNTY. 


WAPELLO  COUNTY.  459 

Withoat  question  t^ere  is  more  and  better  stone  available  in  the 
vicinity  of  Eddyville  than  at  Dudley,  but  it  is  in  a  lees  accessible 
location  at  present  for  railroad  transportation. 

Limestone  has  been  quarried  ai  several  points  in  Ottumwa 
and  vicinity.  It-has  for  many  years  been  taken  from  the  bed  of 
the  river  at  Ottumwa  during  low  water.  A  new  place  is  opened 
up  and  worked  out  each  season.  That  portion  of  the  bed  of  the 
stream  which  Is  to  be  quarried  during  the  summer  is  enclosed  by 
an  embankment  to  keep  out  the  water.  This  is  constructed  of 
barrels  filled  with  clay  against  which  are  piled  broken  stone, 
gravel  and  sand,  until  a  substantial  barrier  is  built  up.  About 
six  feet  of  limestone  are  removed,  the  upper  layers  being  thin- 
bedded  and  the  lower  ledges  three  to  eight  inches  thick. 


Fio.  17  — Ouarrr  In  bei  ot  tbe  Dea  Hoines  river 
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WASHINGTON  COUNTY. 

* 

The  Saint  Louis  limestone  occurs  over  a  large  area  in  the 
southern  portion  of  the  county,  comprising  a  strip  ranging  from 
about  five  miles  in  width,  on  the  east  boundary,  to  eleven  miles 
on  the  west.  The  most  important  exposures  occur  along  the 
Skunk  river  and  near  vicinity,  in  Brighton  and  Clay  townships. 
The  principal  quarries  are  located  in  the  immediate  vicinity  of 
the  town  of  Brighton.  The  most  valuable  ledges  quarried  here, 
as  well  as  at  other  points,  belong  to  the  upper  member  or  Pella 
beds.  The  overburden  is  usually  heavy,  ranging  from  a  few  feet 
at  the  face  in  natural  outcrops  to  fifteen  or  twenty  feet  a  short 
distance  toward  the  blufif s.  There  are  two  main  ledges  especially 
suitable  for  bridge  stone  which  range  from  sixteen  inches  to  two 
feet  in  thickness  and  rest  upon  two  layers  of  flagstone.  The 
flagstone  layers  are  in  turn  underlain  by  heavy  beds  which  were 
at  one  time  worked  by  the  Chicago,  Bock  Island  and  Pacific  Bail- 
way  Company  near  Brighton.  These  lower  ledges  are  more  or 
less  water-coursed,  and  the  quarry  has  been  abandoned.  On  the 
west  side  of  the  Bock  Island  tracks,  immediately  north  of  town, 
the  following  layers  were  formerly  exposed  and  quarried: 

FBBT. 

7.  Soil  and  drift,  variable,  thickening  rapidly  in  the  bluff 5-15 

«.  Mari 2-4 

5.  Limestone,  in  thin  layers f 

4.  Limestone  ledge,  bridge  stone If 

3.  Limestone  ledge,  bridge  stone IH 

2.  Limestone,  flagging  and  rubble i 

1 .  Limestone,  flagging  and  rubble i 

Other  quarries  opened  in  the  immediate  neighborhood  show 
essentially  the  same  beds  but  in  slightly  different  thicknesses. 

About  two  miles  northwest  of  Brighton,  a  quarry  is  being 
operated  on  the  Whitmore  place.  The  beds  developed  are  as 
follows  : 

FBBT. 

2.  Loess  and  drift  up  to 20 

1.     Limestone,  gray-blue,  compact,  tough,  somewhat  fossilifer- 

ous;  in  ledges  as  follows: 

Top  ledge,  8  inches ' 

Bridge  stone,  20  inches.. 
Bridge  stone,  20  inches..  ^ 

Flagstone,  6  inches i 

Flagstone,  6  inches J 
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The  upper  ledges  are  very  much  weathered  along  the  joint 
planes,  and  in  places  the  blocks  are  reduced  bo  rounded  cores 
practically  valueless  though  they  appear  to  be  as  tough  and  of 
the  same  color  as  the  unweathered  blocks.  The  ledges  work 
readily  by  the  feather  and  wedge  method.  The  flags  are  some- 
what rough  but  appear  to  be  durable. 

The  Chicago,  Rock  Island  Mid  Pacific  Railway  has  used  much 
of  the  stone  of  the  district  for  bridge  purposes.  The  stone  has 
been  generally  used  in  the  town  and  county  and  has  been  shipped 
in  large  quantities  to  adjoining  counties. 

The  stone  quarried  in  this  region  is  fine-grained,  compact, 
breaks  with  an  even  to  conchoidal  fracture,  and  is  of  a  pleasing 
ash-gray  color.  It  is  of  good  quality,  but  limited  in  quantity,  as 
only  a  few  ledges  are  workable,  and  can  be  obtained  only  at  great 
expense  on  account  of  the  excessive  overburden.  Below  are  the 
disturbed  beds  of  the  Verdi  which  are  of  little  value  for  quarry 
purposes.  Small  quarries  have  been  opened  in  these  beds  near 
Verdi,  but  have  long  since  been  abandoned. 


Fia.  m  — Irresularbedtot  llnMslons  in  IbeSalDl  Louis.  VerdlquuTy.Wasbliistoii  county. 
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About  three  miles  south  of  Washington  on  Crooked  creek,  a 
small  quarry  has  developed  the  lower  magnesian  portion  of  the 
Saint  Louis,  but  is  of  local  importance  only. 

WEBSTER  COUNTY. 

In  Webster  county  the  outcrops  of  the  Saint  Louis  limestone 
worthy  of  mention  are  confined  to  the  Des  Moines  river  and  im- 
mediate tributaries,  from  the  north  line  of  the  county  to  Fort 
Dodge.  A  few  detached  areas  are  known  south  of  this  point 
along  the  river,  and  one  or  two  small  patches  occur  in  the  interior 
of  the  county.  The  beds  comprising  the  Saint  Louis  are  decid- 
edly heterogeneous  in  character,  varying  from  a  hard,  compact 
limestone  in  well  developed  ledges  to  a  structureless,  clayey  marl, 
and  from  a  pure  calcium  carbonate  to  a  highly  magnesian  lime- 
stone. In  places  a  calcareous  sandstone  appears.  The  beds 
are  usually  too  deeply  buried  under  the  Coal  Measures  and 
glacial  debris  to  be  of  interest  economically,  but  in  the  vicinity 
of  Fort  Dodge  and  northward  along  the  river  and  along  Soldier 
creek,  considerable  areas  have  been  partially  stripped  of  their 
overburden  and  quarrying  made  possible.  On  account  of  the 
lack  of  persistence  and  rather  indifferent  quality  of  the  beds, 
quarrying  ha-s  not  been,  and  is  not  likely  to  become,  an  important 
industry  in  the  county.  The  stone  has  been  developed  at  a 
number  of  points,  and  a  considerable  quantity  has  been  used  for 
foundations  and  retaining  walls  in  and  about  Fort  Dodge.  A  few 
representative  sections  are  given  herewith. 

Section  at  Miller's  quarry,  near  the  stone  bridge  over  Soldier 
creek  in  Fort  Dodge : 

FBBT. 

7.     Soil 2 

6.     Gravel,  fresb,  cross-bedded 10 

5.     Clay,  yellow,  not  jointed,  unleached,  many  limestone  pebbles  15 
4.     Soil  ^nd  clay  mingled,  both  unleached,  soil  dark  and  contain- 
ing many  wood  fragments • 15 

3.     Sand,  uncemented,  containing  lumps  of  coal  and  large  pieces 

of  wood,  in  layers  varying  greatly  in  color  from  white  to  gray  8 

2.     Calcareous  sandstone,  a  single  layer,  very  firm li 

1.     Limestone,  layers  coarse,  often  two  feet  thick,  stone  of  fine, 

even  texture,  no  fossils 25 
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In  the  creek  bed  at  the  foot  of  this  exposure  the  limestone 
gives  place  again  to  calcareous  sandstone,  the  thickness  of  which 
could  not  be  determined. 

Number  1  in  the  above  section  is  variable,  the  beds  ranging 
from  limestone  more  or  less  pure,  to  limestone  more  or  less 
magnesian.  The  texture  also  lacks  constancy.  The  terrace  on 
the  west  side  of  the  river  from  the  mouth  of  Lizard  creek 
northward  for  about  two  miles  is  supported  by  the  Saint  Louis 
limestone.  South  of  the  center  of  section  7  in  Cooper  township, 
a  good  section  may  be  viewed.    The  beds  are  as  follows : 

FEET. 

5.     Sand  and  silt 5 

4.     Limestone,   rather   heavy-bedded,    variable,  with  persistent 

chert  band  near  the  top 12 

3.     Sandstone,  cherty  in  places i 

2.     Limestone  ledge li 

1 .     Sandstone,  to  water  level li 

While  the  limestones  continue  to  the  county  line,  they  are  as  a 
rule  too  deeply  covered  and  too  far  removed  from  transporta- 
tion lines,  to  merit  consideration.  Below  Fort  Dodge  limestone 
outcrops  are  unimportant. 

PENNSYLVANIAN  SERIES. 
The  Des  Moines. 

The  Lower  Coal  Measures  are  not  important  in  the  production 
of  quarry  products.  They  consist  essentially  of  shales,  shaly 
sandstones,  sandstones  and  occasional  thin  bands  of  limestones. 
The  sandstones,  as  a  rule,  are  poorly  indurated  and  not  of  pleas- 
ing color.  Occasionally  they  are  sufficiently  cemented  to  be  used 
for  foundations  of  unimportant  structures  and  for  other  rough 
masonry.  Such  deposits  usually  assume  a  lenticiflar  form  and 
are  exceedingly  variable  in  texture,  color  and  state  of  induration 
both  horizontally  and  vertically.  The  most  important  lenses 
occur  in  Marion,  Jasper,  Wapello,  Boone  and  Webster  counties. 
The  Bed  Rock  sandstone  represents,  perhaps,  one  of  the  best 
known  examples  and  is  described  later.  The  best  examples  of 
the  possibilities  and  also  of  the  limitations  of  this  stone  may  be 
seen  in  some  of  the  residences  along  West  Grand  Avenue  in  the 
city  of  Des  Moines.    Less  extensive  deposits  appear  in  the  Coal 
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Measure  outliers  in  Johnson  county,  where  the  stone  was  used 
in  some  of  the  oldest  buildings  of  the  district. 

The  limestones  are  usually  more  or  less  argillaceous  and  have 
not  proven  satisfactory  as  a  quarry  stone.  The  best  examples 
may  be  seen  in  Appanoose  county.  These  limestones  also  afford 
material  suitable  for  the  manufacture  of  lime  and  have  been  so 
used  to  a  limited  extent. 

APPANOOSE   COUNTY. 

The  Des  Moines  sitage  of  the  Upper  Carboniferous  underlies 
the  whole  of  Appanoose  county,  and  consists  of  shales  with  sev- 
eral well  defined  limestone  horizons  of  small  thickness.  The 
principal  limestone  beds  are  known  as  the  ''float  rock,'*  which 
varies  from  two  to  four  feet  in  thickness;  the  ** fifty-foot'*  lime- 
stone, ranging  from  four  to  ten  feet;  the  ''seventeen-foot  lime- 
stone,'' or  "little  rock,"  running  from  one  to  three  feet;  the 
"cap  rock,"  showing  from  two  to  four  feet;  and  finally  the  "bot- 
tom rock,"  which  attains  a  thickness  of  more  than  three  feet. 
One  or  more  of  these  beds  are  exposed  at  numerous  points  along 
the  various  streamways,  and  oftentimes  are  fairly  accessible. 
All  are  essentially  non-magnesian,  reasonably  pure,  and  occur 
in  moderately  thick  beds.  They  resist  the  weather  as  well  as  the 
average  limestone,  but  on  account  of  their  limited  occurrences, 
will  never  lead  to  the  establishment  of  an  important  quarry  in- 
dustry. Some  quarrying  has  been  done  in  the  vicinity  of  Center- 
ville,  Milledgeville,  and  Mystic,  mainly  from,  the  "fifty-foot 
limestone."  Lime  of  good  quality  has  been  burned  from  the 
same  horizon,  but  both  industries  have  been  extinct  for  some 
years. 

The  Chariton  conglomerate  has  been  exploited  in  a  very  small 
way  in  the  vicinity  of  Moravia,  but  the  openings  have  long  since 
been  abandoned,  and  promise  nothing  for  the  future. 

DALLAS  COUNTY. 

The  Coal  Measures  underlie  the  entire  county,  and  are  made 
up  of  a  series  of  shales,  sandstones,  and  occasional  thin  lime- 
stones and  thin  seams  of  coal.  The  shales  greatly  predominate. 
Good  sections  are  exposed  along  all  of  the  principal  streams. 
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The  sandstones  occur  in  lenses,  and  are  best  exposed  along  the 
Eaccoon  river.  The  most  important  lenses  occur  in  the  vicinity 
of  Redfield.  As  a  rule  the  sandstones  are  not  well  indurated, 
and  are  of  a  reddish  brown  color.  At  a  few  points,  well  in- 
durated beds  are  available,  and  have  been  quarried  intermittently 
for  more  than  a  quarter  of  a  century.  The  most  important 
quarry  sections  are  given  below. 

Section  exposed  on  the  southeast  quarter  of  section  3,  Union 
township,  about  two  miles  southeast  of  Redfield : 

FBBT. 

5.  Drift,  of  variable  thickness. 

4.  Sandstone,  soft,  buff,  heavily  bedded 8 

3.  Sandstone,  blue,  compact,  hard 7 

2.  Clay-shales,  sandy,  blue 4 

I.  Sandstone,  exposed  to  river 8 

Number  3  is  the  only  rock  quarried.  At  the  quarry  it  has  a 
thickness  of  seven  feet,  but  it  thins  out  rapidly,  and  about  thirty 
rods  east,  it  is  only  one  foot  thick.  The  stone  is  of  excellent 
quality,  and  is  scarcely  affected  by  weathering  agencies.  It  was 
used  extensively  in  Eedfield,  and  was  shipped  to  Fonda,  Waukee, 
and  other  points  on  the  Spirit  Lake  branch  of  the  Chioago,  Mil- 
waukee and  St.  Paul  Railway. 

The  sandstones  have  been  quarried  at  other  points,  notably 
near  the  niouth  of  Bulger  creek,  where  a  nine  foot  ledge  of  hard, 
well  indurated  sandstone  appears.  At  the  present  time,  sand- 
stone is  not  used,  save  locally,  and  then  in  a  very  small  way. 

The  limestone  bands  make  up  a  very  small  part  of  the  Coal 
Measure  section,  and  as  a  rule,  possess  no  commercial  value. 
One  exception  may  be  mentioned,  where  the  limestone  has  been 
quarried  quite  extensively.    The  section  is  given  below. 

Talbot  quarry,  located  on  the  southwest  quarter  of  section  29, 
Linn  township,  about  four  miles  northwest  of  Bedfield : 

FBBT. 

II.  Soil  and  drift 3 

10.    Clay,  sandy,  buff 8 

9.    Shale,  black,  fossiliferous 2 

8.    Coal,  with  clay  parting If 

7.    Fire  clay 3 

6.    Shale,  gray,  with  lime  concretions 4 

5.  Limestone,  hard,  compact,  blue,  fossiliferous  above,  mostly 

in  solid  ledges 7 

30 


466  GEOLOGY  OF  IOWA  QUARRY  PRODUCTS. 

FEET. 

4.  Shale,  light  gray 21 

3.  Limestone,  gray,  brecciated  above li 

2.  Shales,  gray,  not  fully  exposed li 

1.  Shale,  black,  fissile,  coaly  below li 

DAVIS  COUNTY. 

The  streams  whioh  traverse  Davis  county  are  small  and  have 
aocomplisrhed  little  towards  exposing  the  rock  strata  which 
underlie  it.  A  few  feet  of  the  Goal  Measures  are  to  be  seen  in 
the  valley  of  Soap  creek,  whose  course  is  entirely  across  the 
north  edge  of  the  county.  Goal  Measure  sandirtone  bed-s  belong- 
ing to  the  Des  Moines  stage  of  tiie  Upper  Carboniferous  appear 
at  water  level  at  intervals  along  this  stream  in  the  vicinity  of 
Carbon  where  it  is  locally  used  for  foundation  material.  It  is 
of  no  value  for  fine  work  but  constitutes,  so  far  as  is  known,  the 
sole  building  stone  resource  of  Davis  county. 

GUTHRIE  COUNTY. 

The  Des  Moines  strata  furnish  some  sandstone  and  limestone 
that  are  found  of  service  locally  in  the  eastern  part  of  Guthrie 
county.  A  gray  sandstone  belonging  to  the  Coal  Measures  has 
been  quarried  on  a  small  scale  at  Panora.  The  usable  beds  of 
this  stage  are  tiiin  and  so  aBsociated  with  argillaceouis  strata 
that  they  are  very  seldom  worked  for  building  stone  alone. 

HARDIN  COUNTY. 

In  Hardin  county  the  Coal  Measures  are  represented  by  an 
upper  heavy-bedded,  ferruginous  sandstone  which  often  presents 
conglomeratic  to  concretionary  facies  and  is  cross-bedded 
throughout;  and  by  a  lower  shale  which  carries  some  coal  and 
often  contains  highly  calcareous,  fossilif erous  ledges.  The  main 
body  of  the  sandstone  is  dissected  by  the  Iowa  river,  which  forms 
a  gorge  extending  from  Xenia  to  Steamboat  Bock.  The  sand- 
stone reaches  its  maximum  development  in  the  vicinity  of  Eldora 
where  it  attains  a  thickness  of  eighty  feet.  The  Eldora  section 
is  as  follows : 
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ELDORA  SECTION. 

FBBT. 

7.    Drift  (on  the  face  of  the  scarp) 0-3 

6.  Sandstone,  weathered  and  shattered;  ferrugmons,  conglom- 
eratic and  concretionary;  quartz  pebbles  ranging  up  to  a 
third  of  an  inch  are  common.  False  bedded  through- 
out; some  fossil  wood  fragments  present 40 

5.    Sandstone,  heavy-bedded 10 

4.    Talus  slope 20 

3.    Shale,  carbonaceous ■ 1 

2.    Shale,  light  colored  above  and  variegated  below 20 

1.    Kinderhook  limestone  (top  about  ten  feet  above  the  water 

level) 6 

The  Eldora  sandstone  has  been  used  to  a  oeitain  extent  in  the 
foundations  of  nmnerons  structures  in  and  about  Steamboat 
Rocky  Eldora  and  Xenia,  but  at  the  present  time  none  of  the 
quarries  are  operated,  save  intermittently  and  then  only  on  a 
small  scale.  The  stone  is  extremely  variable  in  texture,  struc- 
ture, and  state  of  induration,  and  these  factors,  taken  with  its 
dark  red-brown  to  yellow-brown  color,  make.it  certain  that  it 
never  will  be  popular  as  a  structural  material.  Vast  quantities 
are  available  and  easily  accessible,  and  when  the  stone  is  care- 
fully selected  it  gives  good  service  in  the  less  imposing  struc- 
tures. Its  use  might  be  safely  and  profitably  extended  in  back- 
ing walls  faced  with  more  expensive  materials. 

IOWA   COUNTY. 

Small  Coal  Measure  outliers  occur  in  Iowa  county,  the  most 
conspicuous  member  of  which  is  the  usual  variable  sandstone- 
Several  decades  ago  these  beds  were  developed  quite  extensively 
by  the  several  villages  belonging  to  the  Amana  Society.  Some  of 
the  oldest  and  most  important  buildings  in  these  communities 
were  constructed  of  these  variable  sandstones.  The  Amana 
store  and  the  Amana  church  were  built  in  1862  and  1863  re- 
spectively, using  the  local  stone,  and  both  are  in  good  repair. 
The  store  front  was  built  of  a  red-brown  sandstone  obtained 
from  a  quarry  about  one  and  a  half  miles  north  of  town,  while  a 
yellow-brown  sandstone,  said  to  have  been  obtained  from  a 
quarry  equally  distant  northwest  of  town,  was  used  in  the  sides 
and  back  walls.    Other  quarries  were  developed  to  the  eastward 
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and  westward  of  these  and  used  in  the  construction  of  the  older 
buildings. 

While  some  stone  has  been  produced  and  used  of  late  years  for 
foundations  and  rough  masonry  purposes,  no  stone  buildings 
have  been  constructed  of  the  local  material  during  the  past 
quarter  of  a  century.  At  the  present  time  the  old  openings  are 
much  obscured  by  talus  slopes.  The  stone  available  is  very  simi- 
lar to  that  exposed  in  other  border  counties  belonging  to  the 
same  horizon.  It  is  a  sandstone,  highly  variable  in  color,  texture, 
structure  and  state  of  induration.  The  prevailing  colors  are 
shades  of  yellow  and  brown  combined  with  red ;  yellowish  and 
reddish  brown  predominating.  Texturally  the  stone  is  usually 
fine  to  medium  grained,  but  occasionally  shows  a  conglomeratic 
facies.  Structurally  the  stone  varies  from  a  thinly  bedded  sand- 
stone, with  bedding  planes  fairly  well  defined,  to  a  massive  and 
imperfectly  bedded  deposit.  False  bedding  i-s  oftentimes  very 
evident.-  As  a  rule  it  is  imperfectly  indurated,  but  appears  to 
harden  considerably  on  exposure.  It  varies  from  a  very  friable 
to  a  fairly  compact  stone.  The  deeper  colored  stone  is  usually 
the  more  highly  indurated.  The  durability  is  sufficiently  at- 
tested in  the  well-preserved  buildings,  where  it  has  been  exposed 
to  the  elements  for  almost  half  a  century.  As  in  the  case  of  other 
Coal  Measure  sandstones,  its  color  is  not  pleasing  and  its  other 
properties  are  not  sufficiently  constant  to  commend  it  to  the 
public.  In  quarrying  the  stripping  increases  rapidly  from  the 
natural  outcrops  and  the  percentage  of  usable  stone  is  <small, 
both  of  which  factors  contribute  to  the  expense  of  production. 
While  this  variable  sandstone  has  served  a  useful  purpose  in  the 
early  history  of  the  communities,  it  has  been  displaced  almost 
wholly  by  stone  from  other  points,  notably  Stone  City,  which 
can  be  more  cheaply  quarried. 

JASPER  COUNTY. 

All  of  the  Paleozoic  rocks  exposed  in  Jasper  county  belong  to 
the  Des  Moines  stage  of  the  Upper  Carboniferous  series.  They 
cover  the  entire  county,  with  the  exception  of  a  small  triangular 
area  of  Kinderhook  in  the  extreme  northeast  comer,  and  consist 
of  interstratified  shales,  sandstones,  coal  and  occasional  thin  beds 
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of  limestane.  However,  their  character  varies  rapidly  from  place 
to  place.  The  ahalea  are  prevailingly  sandy  and  grade  laterally 
into  argillaceous  sandstones.  The  sandstone  layers  are  in  places 
calcareous  and,  especially  in  connection  with  certain  coal  seams, 
pass  into  arenaceous  limestones.  Limestones  of  the  darker  col- 
ored variety  occur  as  lenses  and  concretionary  masses  in  some 
of  the  ooal  basins. 

In  Jasper  county  the  rocks  of  the  Des  Moines  stage  are  almost 
universally  covered  with  drift.  Exposures  are  not  numerous,  as 
a  rule,  but  are  found  fairly  well  distributed  over  the  southern 
half  of  the  county.  Although  the  best  sections  are  to  be  observed 
along  stream  ways,  natural  outcrops  are  not  lacking  over  the 
uplands  away  from  the  streams. 

Sandstone  from  the  coal-bearing  strata  has  been  quarried  at 
three  known  localities:  section  34,  Des  Moines  township;  in  a 
railroad  cut  in  section  30,  Fairview ;  and  two  miles  above  Lynn- 
ville,  in  the  valley  of  North  Skunk  river.  At  the  latter  place  only 
is  quarrying  at  present  carried  on  in  the  county.  The  exact  loca- 
tion is  the  northeast  quarter  of  the  northeast  quarter  of  section 
34,  Richland  township.  The  quarry  section  at  this  point  is  as 
follows : 

riBT. 

5.    Weathered  shale 5 

4.    White  sandstone,  soft,  grading  downwards  into  pink,  brown 

and  red 5i 

3.    Plastie,  white  clay I 

2.    Sandstone,  red  to  brown,  compact;  containing  many  small 
cavities  lined  with  plastic  clay,  or  containing  pulverulent, 

red  ocher.    Micaceous,  with  fossil  lepidodendrons 15 

1 .    Carbonaceous  shale li 

The  total  thickness  of  salable,  stone  is  in  number  2,  fifteen  feet. 
It  is  evident  that  considerable  stripping  of  the  overlying  shales 
is  required.  The  quarry  is  worked  by  William  Northcutt.  Three 
hundred  perches  per  year  is  the  output.  The  stone  is  durable, 
and  supplies  the  local  demand  for  cellar  and  foundation  walls. 

Red  Rock  Sandstone. 

This  formation  is  included  in  the  Des  Moines  stage  of  the 
Upper  Carboniferous,  but  it  may  be  differentiated  from  the 
Coal  Measures  proper  because  of  its  uniformity,  and  the  some- 
what unique  relation  which  it  appears  to  bear  to  the  other  mem- 
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bers  of  the  series.  In  Jasper  county  it  occupies  a  narrow 
elongated  area  coinciding  in  direction  and  corresponding  in 
width  with  the  territory  covered  by  it  in  Marion  county.  The 
general  trend  is  northeast-southwest,  and  in  width  it  averages 
two  and  oneJialf  to  three  miles,  tapering  to  the  northward. 

Outcrops  of  this  rock  are  to  be  seen  at  various  points  near 
Reasnor,  on  both  sides  of  the  Skunk  river ;  along  Buck  creek ;  on 
Elk  creek  near  Murphy ;  along  North  Skunk  river  in  the  vicinity 
of  Kellogg ;  and  on  Rock  creek  in  sections  9,  16  and  17  of  Bock 
Creek  township. 

Quarrying  has  been  done  a.t  several  points  in  the  county  in  the 
belt  of  Red  Rock  sandstone,  which  affords  the  only  extensive 
deposits  of  building  stone  in  the  county. 

In  section  17,  Rock  Creek  township,  the  old'  Morgan  quarry, 
on  the  land  of  G.  M.  Henning,  was  opened  over  forty  years  ago. 
A  face  twelve  feet  in  height  is  exposed,  consisting  of  a  heavy  bed 
of  brown  stone  separated  by  two  feet  of  shattered  rock  from  a 
four  foot  stratum  of  compact,  reddish-brown  sandstone.  Similar 
strata  have  been  worked  both  above  and  below  this  quarry  in  the 
valley  of  Rock  creek  and  its  branches. 

One  mile  east  of  Kellogg  the  brown  saiudstone  has  been  quar- 
ried quite  extensively  in  the  past  by  the  Chicago,  Rock  Island 
and  Pacific  Railroad  Company.  Fifteen  feet  of  the  sandstone 
are  open  to  view.  Large  plans  appear  to  have  been  made  here 
for  the  development  of  these  quarries,  but  no  work  has  been  done 
for  years. 

On  the  hill  slope  a  short  distance  north  of  the  town  of  Reasnor, 
fourteen  feet  of  the  sandstone  may  be  observed  in  a  small 
quarry;  the  prevailing  color  is  brown,  approaching  a  red  in 
places.  The  sand  grains  are  at  times  so  coarse  and  irregular  in 
size  as  to  give  the  rock  a  finely  conglomeratic  texture.  Many 
of  the  largest  grains  are  of  a  jaspery  nature,  and  some,  ap- 
proaching a  pebble  in  size,  appear  to  be  fragments  of  an  earlier 
sandstone.  Cross-bedding  is  not  uncommon.  The  base  of  this 
exposure  is  about  sixty  feet  above  the  flood  plain.  In  detail, 
this  section  is  as  follows : 
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FBBT. 

7.  Loess,  becoming  fine  sand  on  the  hill-top 4 

6.  fiuff  sandstone,  micaceous i 

5.  Brown  sandstone,  cross-bedded 2 

4.  Heavy-bedded  sandstone,  conglomeratic 2i 

3.  Laminated,  red  and  gray  sandstone,  cross-bedded li 

2.  Heavy  bed  of  brown  sandstone,  containing  ferruginous,  some- 
times hollow  nodules 4i 

1 .  Like  No.  2,  to  base  of  quarry 3 

In  the  northwest  quarter  of  section  21,  Buena  Vista  township, 
on  Elk  creek,  there  is  exposed  in  two  small  quarries  a  maximum 
thickness  of  twenty4wo  feet  of  the  sandstone.  It  exhibits  the 
same  characters  as  in  former  sections  as  to  bedding  and  color. 
Some  of  the  red  is  to  be  seen  but  the  brown  variety  prevails.  In 
the  Lanphear  quarry  the  jaspery,  quartzitic  bands  are  quite  pro- 
nounced, as  are  also  the  spheroidal  nodules.  The  latter  fre- 
quently consist  of  concentric,  ferruginous  shells  between  which 
sandstone  is  intercalated.  The  greatest  thickness  of  beds  is 
found  in  the  old  Dooley  quarry,  where  the  ferruginous  bands 
appear  as  firm  crusts  of  'siliceous  limonite,  separating  the  major 
beds  of  the  section.  The  rock  is  coarse  in  texture,  friable,  and 
varies  in  color  from  gray  to  deep  red.  All  the  layers  seem  to 
be  thoroughly  impregnated  with  iron  oxide. 

One  mile  south  of  Beasnor,  at  '* Stony  Point,''  the  brown 
sandstone  has  been  quarried  in  the  paist 

The  most  extensive  quarrying  operations  in  the  county  were 
formerly  carried  on  at  the  old  Kemper  quarry  in  section  8, 
Fairview  township.  The  rock  was  quite  widely  known  as  the 
Monroe  red  sandstone,  although  both  red  and  brown  stone  were 
taken  out.  John  Eeinhart  took  stone  from  here  forty  years  ago, 
and  worked  the  quarry  for  twenty-five  years.  E.  G.  Kemper 
produced,  in  seven  or  eight  years  of  his  possession,  some  cut 
and  dressed  stone,  and  at  one  time  employed  as  many  as  twenty 
men.  Considerable  stone  was  shipped.  The  present  owner, 
A.  Herwehe,  has  put  out  very  little  stone  in  the  last  two  years, 
although  there  is  a  fair  demand  locally. 

Mr.  B.  L.  Miller*  has  briefly  described  this  quarry  exposure 
as  follows : 

•  Geology  of  Marion  countv,  Ann.  Rep.  Iowa  Geol.  Surv.,  Vol.  XI,  p.  159, 1900. 
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townslilp,  Jaaper  couaty.  i 


3,    Weathered,  brown  sandatone 9 

2.    Heavy  beds,  yellow-grBy,  variegated 10 

1.    Dark  red  aandstone,  heavy  bedded 8 

Two  small  quarries  are  opened  here  and  both  the  brown  and 
the  red  istone  have  been  taken  out.  Cross-bedding  is  very  con- 
spicuous in  the  upper  part  of  the  section.  The  change  in  color 
is  gradual  from  the  top  downwards,  and  appears  to  be  due  to  the 
degree  of  leaching  and  hydration  which  the  rock  has  undergone. 
Chemical  tests  of  the  brown  sandstone  show  a  loss  on  ignition 
of  3.8  per  cent,  and  16.27  per  cent  of  iron  and  aluminum  oxides. 
The  dark  variety  pulverizes  to  a  deep  red  and  ocherous  powder, 
and  analyzes  31.5  per  cent  Fe;0,.  At  one  point  in  section  21 
of  Fairview  township  a  weathered  outcrop  of  the  red  stone 
occurs  from  which  the  resulting  oeherous  iron  oxide  has  been 
taken  for  mineral  paint.  In  places  in  both  the  red  and  brown 
sandstone,  bands  or  nodules  of  a  dense,  flinty  character  occur, 
which  appear  to  be  quartzitic  in  nature  and  origin. 
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The  foUowmg  description  of  the  sandstone  points  ont  its  chief 
characteristics  :• 

**It  is  a  moderately  coarse-grained  etone,  with  some  range  of 
color  and  texture  and  corresponds  in  general  with  the  Red  Rock 
stone  whidi  has  been  more  widely  marketed  ...  As  will  be 
seen  from  the  tests,  it  is  an  excellent  stone  and  might  be  used  to 
advantage  in  all  structures  similar  to  those  in  which  brown  stone 
has  been  used  so  extensively  in  the  east.  Under  the  microscope 
it  <seema  to  be  made  up  of  rather  coarse  and  rounded  grains  of 
quartz  cemented  by  a  matrix  of  red-brown,  iron-stained  mate- 
rial which,  judging  from  the  analysis,  is  largely  ferric  oxides, 
but  contains  also  some  aluminous  material.  The  sand  grains  are 
rarely  in  contact;  the  interstitial  areas  being  usually  a«  large 
as  the  cross-seotion  of  the  individual  grains. ' ' 

The  chemical  analysis  of  this  stone  as  given  on  page  412  of 
Dr.  Bain's  paper,  is  as  follows: 

SiO, 84.35  per  cent. 

A1,0, 8.62    *'      " 

FeO-f-Fe.Os 6.69   '*     *' 

CaO 88    **      *' 

H,0-floB8 43    *'      *' 

The  Red  Rock  sandstone  consrtitutes  the  most  important  source 
of  building  stone  in  th-e  county.  There  are  unlimited  quantities 
available  and  it  merits  a  much  wider  use  than  it  has  at  present. 

LUCAS  COUNTY. 

The  country  rock  of  Lucas  county  belongs  entirely  to  the  Coal 
Measures.  The  formation  consists  almost  wholly  of  shale®  with 
seams  of  coal  and  accomi)anying  beds  of  fire  clay.  Occasional 
thin  bands  of  dark  bluish  limestone  and  moderate  thicknesses  of 
sandstone  are  found  associated  with  the  heavy  beds  of  shale. 

In  Pleasant  township,  near  the  northeast  comer  of  the  county, 
ten  to  fifteen  feet  of  a  coarse,  grayish  blue  sandstone  outcrop 
along  Flint  creek.  Quarrying  to  any  extent  has  not  been  done, 
but  the  beds  are  available  at  a  number  of  points  along  thi-s 
stream  and  its  tributaries.  On  a  branch  of  the  Little  White- 
breast  in  the  northeast  quarter  of  section  32,  English  township, 

•H.  F.  Bain:    Ann.  Rep.  Iowa  Oeol.  Surv.,  Vol.  VIIC,  p. 
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a  soft  yellow  sandstone  occurs  associated  with  bituminous  shales 
and  has  been  quarried  in  years  past. 

Upper  Goal  Measure  beds  may  be  seen  on  Long  Branch  in  the 
northwest  quarter  of  section  3  of  English  township,  where  lime- 
stone quarries  were  formerly  worked.  The  beds  consist  of  about 
four  feet  of  light  gray  overlain  with  buff  limestone,  separated 
in  ledges  by  calcareous  shaly  x>artings.  The  stone  is  said  to  pro- 
duce a  high  grade  of  quick-lime  and  has  been  used  for  this  pur- 
pose. Limestone  has  also  been  quarried  and  burned  for  lime 
on  the  Little  Whitebreast  two  miles  northeast  of  Chariton. 

On  the  whole,  the  building  stone  resources  of  Lucas  county  are 
very  limited,  the  valuable  beds  being  in  general  so  associated 
with  other  sedimentary  strata  as  to  render  their  utilization  im- 
possible. 

MARION   COUNTY. 

Extensive  beds  of  sandstone  occur  in  the  Coal  Measures  of 
Marion  county.  The  most  important  deposits  are  found  in  the 
vicinity  of  Eed  Eock  along  the  Des  Moines  river.  One-half  mile 
northwest  of  the  town  a  large  quarry  has  been  opened,  the  main 
face  of  which  is  thirty  to  forty  rods  in  length.  There  is  a  maxi- 
mum thickness  of  100  feet  of  beds  here  exposed.  The  stone  was 
channeled,  by  which  method  of  quarrying  blocks  of  almost  any 
desired  dimensions  were  obtainable.  The  sandstone  separates  in 
ledges  five  to  six  feet  in  thickness.  Quarrying  operations  were 
formerly  carried  on  here  on  an  extensive  scale.  A  switch  was 
connected  with  the  Wabash  at  Cordova  and  the  product  was 
shipped  to  points  along  this  line  from  Des  Moines  to  St.  Louis. 
The  quarries  have  been  worked  only  intermittently  during  the 
past  ten  years  and  are  now  practically  abandoned. 

The  sandstone  appears  to  form  an  elongated  lens  about  ten 
miles  in  length  and  three  miles  wide.  The  longer  diameter  of 
the  lens  extends  in  a  northeast-southwest  direction.  From  the 
maximum  thickness  of  over  100  feet  attained  by  the  beds,  they 
thin  rapidly.  The  higher  portions  of  the  sandstone  ridge  have  a 
light  overburden  of  loess,  but  this  attains  considerable  thickness 
on  either  flank.  The  rock  is  massive  and  the  heavy  beds  are 
practically  free  from  joint  planes.    The  sandstone  is  imperfectly 
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indurated,  varying  in  hardness  from  exceedingly  friable  to  al- 
most quartzitie.  The  color  is  also  variable,  ranging  from  almost 
white  or  pale  yellow  to  deep  shades  of  red  and  brown.  In  some 
of  the  beds  the  coloring  matter  is  irregulariy  distributed  pro- 
ducing a  blotchy  or  mottled  effect.  The  prevailing  cements  are 
the  oxides  of  iron  and  silica,  although  the  upper  beds  are  some- 
what calcareous.  While  predominantly  soft,  the  Bed  Eock  stone 
resists  weathering  well  and  may  be  rated  as  fairly  durable. 

MARSHALL  COUNTY. 

The  Coal  Measures  in  Marshall  county  consist  chiefly  of  shales 
with  occasional  beds  of  sandstone.  A  heavy  bed  of  sandstone 
appears  in  Timber  Creek  township,  and  has  been  developed  to  a 
limited  extent.  Quarries  have  been  opened  on  sections  8  and  9, 
and  stone  suitable  for  the  rougher  grades  of  masonry  has  been 
produced.  The  sandstone  is  reddish  brown  in  color,  and  appar- 
ently durable.  It  exhibits  a  conglomerate  facies  in  part.  Well 
polished  grains  of  sand  and  gravel  are  laid  in  a  matrix  of  ferric 
oxide.  Some  of  the  iron  oxide  is  found  in  the  form  of  small 
nodules  which  frequently  are  hollow  and  possess  the  concentric 
structure  peculiar  to  concretions.  The  impressions  of  trunks 
and  branches  of  trees  which  have  retained  their  woody  texture 
in  a  remarkable  degree,  although  their  original  orgaoic  sub- 
stance has  been  entirely  replaced  by  mineral  maitter,  occur 
throughout  the  beds.  In  some  instances,  a  pulverulent  ash  sur- 
it)unded  by  a  highly  ferruginous  shield  is  all  that  remains.  One 
oase  exhibited  a  central  core  of  very  hard  material,  almost 
quartzitie,  around  which  was  a  zone  of  wood  fibre,  and  sur- 
rounding all,  a  concentric,  ferruginous  shield.  All  of  the  stems 
are  in  a  recumbent  position. 

At  the  present  time  only  the  upper  layers  have  been  exploited. 
The  lower  beds  are  more  regular  and  afford  a  stone  suitable  for 
building  end  trimming. 

MUSCATINE  COUNTY. 

The  Des  Moines  stage  of  the  Coal  Measures  occurs  in  a  narrow 
outlier  along  the  Mississippi  river  about  five  miles  in  width  and 
extending  from  Scott  county  to  a  point  about  three  miles  west 
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of  the  city  of  Muscatine.  The  beds  which  represent  the  Des 
Moines  are  largely  mechanically  deposited  sedim^ats,  ranging 
from  coarse  conglomerates  to  fine  shales  and  fire  days,  with  un- 
important seams  of  argillaceous  limestone  and  coal.  The  sand- 
stones constitute  the  most  important  beds  and  occur  in  rather 
thick  lenses.  They  are  variable  in  texture,  coloration  and  state 
of  induration.  On  account  of  their  inconstancy  they  are  not  as 
highly  prized  for  structural  purposes  as  might  otherwise  be  the 
case.  They  have  been  used  quite  extensively  in  the  past  for 
foundations,  retaining  walls,  and  other  structural  purposes.  At 
the  present  time,  but  little  sandstone  is  being  quarried  in  the 
county.  The  principal  quarries  are  located  on  the  West  branch 
of  Pine  creek  in  Montpelier  township,  on  section  21  in  the  river 
bluflf  in  Sweetland  township,  and  on  Lowes  river  in  section  32, 
Bloomington  township.  The  quarry  stone  aittains  a  thickness  of 
sixty  feet  in  the  first  quarry,  is  in  heavy  beds  up  to  four  feet 
in  thickness,  is  rather  fine  grained,  and  is  characterized  by  pecu- 
liar, wavy,  ferruginous  bands,  probably  due  to  infiltration  of 
iron. 

In  the  second  quarry,  the  beds  are  a  little  coarser  in  texture, 
but  otherwise  similar  to  those  in  the  first,  while  those  quarried 
on  Lowes  river  are  less  ferruginous  and  as  a  consequence, 
lighter  in  color,  with  occasional  darker  layers. 

POLK  COUNTY. 

The  Coal  Measures  as  developed  in  Polk  county  comprise 
shales,  argillaceous  limestone,  sandstone  and  occasional  coal 
seams.  The  argillaceous  deposits  greatly  predominate.  The 
sandstones  are  usually  imperfectly  indurated,  while  the  lime- 
stones occur  only  in  thin  beds  or  as  **  Cap-rock, '  *  and  neither 
affords  any  considerable  amount  of  material  suitable  for  struc- 
tural purposes.  The  sandstones  have  been  quarried  to  some 
extent  but  are  not  used  in  important  structures.  The  sandstone 
beds  exposed  at  the  foot  of  Capitol  Hill  have  probably  been 
more  extensively  developed  than  any  other  in  the  county  and  are 
said  to  have  supplied  material  for  the  walls  of  old  Fort  Des 
Moines.  The  beds  are  exceedingly  variable  in  color,  texture  and 
hardness  and  are  easily  accessible.  The  county  must  depend 
upon  other  sources  for  structural  materials. 
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WAYNE  COUNTY. 


* 


Exposures  of  the  underlying  rocks  are  very  scarce  in  Wayne 
county.  The  Des  Moines  -stage  of  the  Coal  Measures  occupies 
the  major  portion  of  its  area.  Stone  suitable  for  quarrying  is 
known  to  occur  only  along  the  south  fork  of  the  Chariton  river 
near  the  east  edge  of  the  county.  A  small  amount  of  rock  has 
been  taken  out  on  the  farm  of  Mr.  Talkington  in  the  northeast 
quarter  of  the  southwest  quarter  of  section  36,  Wright  township. 
Four  feet  of  gray  fossiliferous  limestone  are  exposed,  overlain 
with  fifteen  .to  twenty  feet  of  drift.  The  stone  is  traversed  by 
veinlets  of  calcite  and  separates  into  thin  laminae  on  exposure. 
The  same  bed  has  been  worked  at  a  few  points  farther  up  the 
river  and  over  the  line  in  Appanoose  county.  It  can  be  of  little 
importance  except  locally. 

WEBSTER  COUNTY. 

The  Des  Moines  river  and  its  immediate  tributaries  have  ex- 
posed heavy  beds  of  sandstone  at  several  points  in  the  county. 
As  a  rule  these  beds  are  composed  of  massive,  friable  sandstone 
oftentimes  strongly  pyritic  or  maroasitic.  The  presence  of 
these  ingredients  causes  the  stone  to  disintegrate  rapidly  on 
exposure  while  their  presence  in  small  quantity  in  a  finely 
divided  state  produces  discoloration  of  the  exposed  surface. 

Several  quarries  have  been  opened  and  operated  at  various 
times.  The  most  important  one  is  located  in  the  northwest 
quarter  of  the  northeast  quarter  of  section  14,  township  88  north, 
range  XXVin  west.  The  quarry  is  located  in  a  small  ravine 
where  the  rock  i<s  naturally  exposed.  An  average  section  through 
the  quarry  face  shows  the  following  beds : 

FBST. 

3.    Boil  and  drift 10-16 

2.     Shale 2-3 

1 .     Sandstone 15 

The  sandstone  is  probably  much  thicker,  but  it  has  not  been 
quarried  below  the  bottom  of  the  ravine.  It  is  ferruginous  and 
contains  many  selenite  scales  which  look  like  mica.  Even  in  a 
given  layer  the  stone  varies  often  in  color  and  hardness.  The 
colors  are  various  shades  of  red.    Some  layers  are  practically 
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useless  for  building  purposes  because  they  contain  many  small 
iron  concretions.  At  certain  points  in  the  quarry  the  rock  at- 
tains a  fair  degree  of  hardness.  The  layers  are  of  a  desirable 
thickness,  varying  from  six  inches  to  two  feet.  Jointing  is  im- 
perfect, but  sufficiently  well  developed  to  render  quarrying  easy. 
Some  years  ago  the  quarry  was  well  equipped  with  steam  der- 
ricks, and  a  side  track  gave  good  shipping  facilities,  but  at 
present  it  is  not  operated.  The  product  is  known  commercially 
as  the  Albee  sandstone,  and  at  one  time  this  was  the  most  exten- 
sive sandstone  quarry  in  the  state. 

Sandstone  quarries  have  been  opened  at  other  points  in  the 
county.  In  Fort  Dodge  some  stone  of  fair  quality  has  been  taken 
out.  North  of  the  city  the  sandstone  layers  appear  to  be  better 
cemented  but  have  not  been  developed  to  any  extent. 

The  Missouri. 

The  Missouri  stage  of  the  Upper  Carboniferous  is  made  up 
largely  of  off-shore  deposits  in  which  shales  greatly  predomi- 
nate. Interbedded  with  the  shales  are  a  series  of  thin  limestone 
layers  varying  from  a  few  inches  to  twenty  or  even  thirty  feet  in 
thickness,  and  persistent  over  considerable  areas  in  the  south- 
western portion  of  the  state.  These  limestones  are  usually  quite 
free  from  such  impurities  as  magnesia  and  pyrite,  but  they  often 
display  a  decided  tendency  to  become  argillaceous.  The  ledges 
constituting  the  more  important  limestone  zones  are  usually  sep- 
arated by  clay  partings,  varying  from  a  fraction  ot  an  inch  to 
a  few  inches  in  thickness.  The  most  important  horizons  belong 
to  the  Bethany  sub-stage  and  are  named  after  localities  where 
they  are  typically  exposed.  From  the  base  upwards  the  princi- 
pal limestone  members  are  as  follows :  1,  the  Fragmental  lime- 
stone, typically  developed  at  Bethany,  Missouri ;  2,  the  Ea^lham 
limestone ;  3,  the  Winterset  limestone ;  4,  the  DeKalb  limestone ; 
and  5,  the  Westerville  limestone,  from  the  town  of  the  same  name 
in  Union  county. 

A  sixth  limestone  horizon  far  above  the  strata  of  the  Bethany, 
may  for  present  purposes  be  designated  the  Stennett  limestone. 
It  is  typically  developed  at  Stennett  in  Montgomery  county,  and 
is  believed  to  be  present  in  the  adjoining  counties.    The  second 
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and  third  members  are  by  far  the  most  important  and  have  been 
extensively  developed  at  a  number  of  points,  notably  at  Earlham, 
Winterset  and  Peru  in  Madison  county.  The  stone  representing 
the  different  horizons  varies  considerably  in  weather-resisting 
properties  but  when  properly  selected,  excellent  material  can  be 
secured  for  all  sorts  of  structural  purposes. 

ADAIR   COUNTY.' 

Adair  county  is  included  within  the  area  in  which  the  Missouri 
strata  are  believed  to  be  the  country  rock.  Cretaceous  beds  prob- 
ably overlie  in  part  the  Carboniferous  rocks  in  the  western  part 
of  the  county  but  the  all  but  universal  concealment  of  the  in- 
durated strata  by  the  loess  and  glacial  bowlder  clays  renders 
accurate  data  difficult  to  secure.  The  shales  and  more  calcareo- 
argillaceous  beds  of  the  Des  Moines  stage  of  this  series  are  be- 
lieved also  to  appear  beneath  the  f  ragmental  beds  of  the  Bethany 
at  a  few  points  on  Middle  river,  along  which  the  only  quarry 
operations  known  in  the  county  are  carried  on. 

A  weU  marked  limestone  horizon  with  associated  beds  outcrops 
on  Middle  river  and  its  small  tributaries  where  it  crosses  the 
northeast  comer  of  Brown  township.  Below  Howe,  in  sections 
11  and  12,  on  a  small  branch  from  the  southwest,  quite  extensive 
quarrying  has  been  done.  The  openings  are  on  the  land  of  Mr. 
W.  P.  Perry  and  stone  has  been  taken  out  for  over  twenty  years. 
The  following  section  may  be  observed  in  the  northwest  comer 
of  section  12,  close  to  the  confluence  of  the  above  tributary  and 
Middle  river: 

PBBT. 

10.  Soil,  loess,  and  drift  conglomerate  containing  Cretaceous  ma- 
terials       7 

9.  Limestone,  broken  into  blocks  which  are  rounded  by  weather- 
ing and  solution;  buff  in  color,  fossiliferous,  narrow  band  of 
chert  in  residual  clay,  bqth  above  and  below li 

8.    Limestone  like  No.  9  with  two  inch  cherty  clay  residue  below. .        i 

7.    Limestone,    firm    ledge  somewhat   broken     by     weathering; 

marked  tendency  to  separation  into  blocks  by  vertical  joints       f 

6.  Shaly  limestone,  chert  bearing,  by  weathering  forms  a  reen- 
trant in  the  quarry  face liV 

5.    Forms  limestone  ledge,  persistent i 

4.  Shaly  limestone,  blue  to  gray  where  un weathered,  but  iron- 
stained  at  crop;  persistent  and  forms  a  conspicuous  reen- 
trant       li 

31 


482  GEOLOGY  OF  IOWA  QUARRY  PRODUCTS. 


3.  Limestone,  light  brown,  compact;  has  tendency  to  dissolve 
along  joints  to  form  caverns.  At  its  base  is  a  heavy  band  of 
chert  which  in  places  is  palvemlent  and  white A 

2.  Limestone,  cavernous,  with  tendency  to  jointing,  separated  as 
a  rule  by  thin  shaly  partings  into  three  distinct  ledges,  5,  10 
and  9  inches  in  thickness 2i 

1.  Regularly  bedded,  compact,  brown  to  bluish  limestone  in  6 
inch  to  one  foot  ledges,  commonly  separated  by  thin,  brown 
clay  partings,  contains  occasional  chert  nodules  near  the  top; 
highly  f ossilif erous  throughout  to  base  of  exposure 5 

Stone  has  been  taken  out  along  a  quarry  face  four  to  five  hun- 
dred feet  in  length,  the  work  being  apparently  limited  by  the 
heavy  stripping.  The  base  of  the  present  exposure  is  about 
fifteen  feet  above  Middle  river.  The  lowest  bed  rests  on  eartiiy 
and  carbonaceous  shales,  the  contact  being  marked  by  numerous 
springs  and  seeps. 

The  best  stone  comes  from  numbers  8  and  9  near  the  top  and 
from  the  basal  member  of  the  section.  Number  1  especially  af- 
fords excellent  dimension  material  of  any  desired  thickness.  The 
output  of  this  and  neighboring  quarries  is  used  to  a  large  extent 
locally  for  foundations,  and  for.  this  purpose  it  is  also  hauled  to 
Stuart  and  Greenfield. 

To  the  south  of  the  branch,  and  but  fifteen  to  twenty  rods  dis- 
tant from  the  foregoing,  the  same  layers  are  worked.  The  beds 
outcrop  also  west  of  the  road  in  section  11,  where  some  quarry- 
ing is  done.  To  the  eastward,  along  the  south  side  of  Middle 
river,  the  limestone  forms  a  terrace  which  is  not  deeply  covered 
and  where  any  quantity  of  stone  is  available. 

Stone  is  also  quarried  in  the  srouthwest  quarter  of  this  same 
section,  on  the  farm  of  Mr.  Jas.  Chambers.  In  the  main  the  beds 
can  be  correlated  with  those  of  the  Perry  quarry  section  although 
the  overburden  is  not  so  great  and  would  prove  less  of  a  hin- 
drance to  development. 

The  Missouri  beds  outcrop  at  rare  but  gradually  increasing 
intervals  southeastward  along  the  Middle  river  to  its  exit  into 
Madison  county.  They  are  quarried  at  a  few  points  in  Harrison 
township.  At,  and  in  the  vicinity  of  the  mill  dam  at  Port  Union, 
the  following  succession  of  strata  oan  be  made  out : 
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PBBT. 

12.    Shelly,   fossiliferoos  limestone  to  be  seen  one-eighth  mile 

above  the  dam  in  the  hillside  where  rock  has  been  quarried.      7 
-  11.    Firm  ledges,  good  building  limestone,  to  be  seen  at  same 

place 3-4 

10.  Limestone  breccia,  containing  angular  pieced  of  compact  lime- 
stone of  a  maximum  {size  of  2  to  3  inches;  there  are  occa- 
sional fragments  of  dark  chert  in  a  soft  limestone  matrix. 

Conspicuous  in  hillside  20  rods  above  site  of  dam 7 

9.    Ocherous  red  and  purplish  weathered  shale,  in  view 2i 

8.     Shelly  limestone 7 

7.  Solid  ledge  compact,  durable  limestone  forming  a  shelf  over 
underljring  shale,  at  south  end  of  dam  at  level  <^  water  in 

pond I 

6*.  Gray  shale  with  nodules  and  streaks  of  hard  limestone,  cylin- 
drical forms,  apparently  vegetal  remains li 

5.  Bluish  limestone  capped  with  thin  layer  composed  almost  en- 
tirely of  well  preserved  brachiopod  remains i 

4.    Dark  blue,  clean  shale 2 

3.    Brownish,  cavernous  limestone,  not  persistent i 

2.    Black,  slaty  shale li 

1.  Shelly  limestone,  breaking  into  nodular  flakes  and  lenses  on 
exposure;  in  bed  of  stream  below  dam  where  it  causes  a  low 
falls.    Known  in  excavation  for  mill  wheel  to  consist  of  two 

12  inch  layers 2 

Below  is  a  ''gummy"  clay  or  soapstone  which  is  practically  im- 
penetrable to  the  chum  drill. 

■ 

At  all  points  observed,  these  strata  occur  beneath  great  thick- 
nesses of  glacial  deposits.  The  limestone  members  of  the  section 
have  afforded  building  material  but  their  exploitation  is  of  ne- 
cessity limited.  The  beds  above  the  fragmental  limestone,  num- 
ber 10,  are  said  to  be  quarried  for  local  use  on  the  farm  of 
Robert  Murphy  on  Middle  river  near  the  east  county  line,  and  at 
other  points  in  this  vicinity. 

The  two  sections  given  above  appear  to  include  the  basal  m«n- 
bers  of  the  Missouri  and  the  upper  strata  of  the  Des  Moines 
stage,  if  regarded  alone  on  stratigraphic  position  and  lithologic 
similarity.  There  seems  little  question  that  number  10  of  the 
Port  Union  section  represents  the  base  of  the  Bethany  and  that 
the  non-brecciated  beds  above  are  the  equivalent  of  the  Earlham 
limestone  in  Madison  county.*  The  Fragmental  limestone  does 
not  appear  in  the  Perry  section  as  a  distinctly  brecciated  layer. 
In  other  respects,  the  lowest  member  here  visible,  No.  1,  is  its 

*  Geology  of  Madison  county,  Iowa  G«ologlcal  Surray,  Vol.  VII.  i>age  6U. 
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equivalent,  and  the  underlying  shales  therefore  belong  to  the 
Des  Moines. 

ADAMS   COUNTY. 

The  country  rock  in  Adams  county  is  in  general  deeply  con- 
cealed by  the  glacial  deposits  and  outcrops  at  but  a  few  points 
along  the  Middle  and  East  Nodaway  rivers.  As  in  adjoining 
counties,  the  Missouri  rocks  consist  largely  of  »hales,  which  may 
become  highly  calcareous  and  even  marly,  interstratified  with  us- 
ually thin  beds  of  limestone  which  are  in  some  instances  of  a 
character  and  extent  to  be  of  value.  Similar  also  to  bordering 
counties,  beds  of  otherwise  valuable  stone  are  so  deeply  buried 
that  their  utilization  is  out  of  the  question. 

The  Upper  Coal  Measures  outcrop  at  Carbon  in  Douglas  town- 
ship, where  the  Nodaway  seam  is  mined.  The  **cap  rock'*  is  an 
eighteen  inch  ledge  of  firm  limestone  and  appears  near  water  in 
the  river.  It  is  quarried  for  local  use  here  and  at  intervals  along 
the  stream  to  Mt.  Etna  in  Washington  township,  but  it  is  of  little 
importance  and  is  difficult  to  obtain. 

Stone  was  formerly  quarried  at  Coming  in  the  banks  of  the 
Eiast  Nodaway.  Limestone  appears  at  a  number  of  places  in  the 
bed  of  the  river  for  a  few  miles  southwest  of  the  town.  The 
abandoned  French  quarry  is  located  south  of  the  river  in  section 
3,  Jasper  township.  Talus  obscures  the  old  quarry  face,  but  a 
few  hundred  feet  to  the  north  in  the  bottom  and  bank  of  the 
river,  the  following  sequence  may  be  made  out : 

FBBT. 

5.    Drift 3 

4.    Fine  sand,  iron-stained 4 

3.    Shale,  light  hlne,  plastic 5+ 

2.    Limestone,  hard,  compact,  gray  in  color,  fossiliferous;  breaks 
easily  at  right  angles  to  bedding  planes  and  apparently  doei 

not  weather  easily  on  exposure 2i 

1.    Fossiliferous  limestone,  yellow,  weathered,  to  water  level i 

There  is  evidence  that  quarrying  has  been  carried  on  here  on 
a  scale  of  some  magnitude,  and  the  Coming  stone  is  known  and 
has  been  distributed  over  not  only  Adams  county,  but  adjacent 
territory  as  well.  The  limestone  is  of  good  quality,  and  while 
extensive  development  is  of  necessity  restricted  by  the  heavy 
stripping,  it  should  rank  locally  as  a  valuable  resource. 


CASS  COUNTY.  486 

CASS  COUNTY. 

Oass  eoimly  is  as  a  rule  heavily  covered  with  loess  and  drift, 
and  the  indurated  rocks  appear  at  intervals  only  along  the  larger 
waterways  in  the  southern  part  of  the  county.  The  Missouri 
strata  are  known  to  be  overlain  in  part  with  the  Dakota  sands  of 
the  Cretaceous. 

Stone  was  formerly  taken  out  at  the  old  Fox  quarries  on  the 
south  bank  of  the  West  Nodaway  in  the  southeast  quarter  of  sec- 
tion 36y  Noble  township,  and  just  across  the  road  in  section  31 
of  Edna  township.  The  beds  in  these  quarries  belong  to  the 
same  horizon  as  those  exposed  near  Grant  and  described  under 
Montgomery  county,  although  no  accurate  correlations  of  indi- 
vidual strata  can  be  made.  The  following  section  is  compiled  in 
large  part  from  the  Geology  of  Montgomery  Cotmty:^ 

FBBT. 

18.    Soil  and  loesB,  heavy  covering. 

12.    Broken  limestone,  shales  and  residaal  clay 2 

11.    Greenish  shale,  iron-stained 4 

10.  Limestone,  light  gray  to  buff,  contains  fossils;  split  by  verti- 
cal joints  into  large  blocks;  two  ledges  separated  by  thin 
band  of  shaly  limestone,  upper  ledge,  2  feet  3  inches,  lower, 

1  foot  4  inches 3A 

9.    Calcareous  shale,  fossiliferous 1 

8.  Limestone,  sub-crystalline,  gray  to  brown,  in  ledges  from  9 
to  14  inches;  where  exposed  for  only  a  few  years,  this  stone 
is  badly  shattered  and  intervening  shaly  bands  separate  it 

into  many  thin  ledges 7^ 

7.    Shale,  calcareous i 

6.    Limestone,  brownish,  sub-crystalline  to  dull li'^ 

bt    Shale,  in  part  gray,  bituminous  in  lower  portion li 

4.    Limestone,  dark  gray,  coarse  textured f 

3.    Shale,  buff  to  gray,  fossiliferous U 

2.    Shale,  variegated,  lower  part  carbonaceous,  micaceous,  and 

splits  into  conchoidal  fragments 2i 

1.    Limestone. 

At  the  present  time,  no  quarrying  is  done  at  this  point,  and 
the  lower  members  of  the  section,  6  to  1  inclnsive,  are  largely 
covered  up.  All  of  the  limestone  ledges  were  used  in  heavy 
masonry  work,  and  blocks  of  nearly  any  desired  dimensions 
were  obtainable.  The  base  of  the  section  is  approximately 
twenty  feet  above  the  river.  Ooal  blossom  appears  near  water 
level  in  the  river.  The  location  of  these  quarries  is  fevorable 
for  supplying  stone  to  Adams,  Cass  and  Montgomery  counties 

*E.  H.  Lonsdale,  Iowa  Geol.  Survey,  Vol.  IV,  pp.  383  and  IS5. 
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but  their  development  has  been  and  "will  be  hindered  by  lack  of 
transportation  facilities  and  by  the  heavy  stripping  required. 

Limestone  and  shale  appear  at  a  few  points  farther  nor& 
along  the  West  Nodaway  and  its  branches,  but  always  under 
heavy  overburden.  Near  the  southeast  comer  of  section  20, 
Edna  township,  stone  has  been  removed.  The  limestone  beds 
appear  also  ajt  points  on  Seven  Mile  creek,  notably  near  Gallon 
in  Bear  Grove  township. 

On  the  East  Nishnabotna  river  near  Lewis,  and  on  Turkey 
creek,  its  principal  tributary  from  the  east,  the  Missouri  strata 
appear  in  places.  Stone  has  been  taken  from  the  west  bank  of 
the  river  on  the  farm  of  George  Eoberts,  southwest  of  the  town. 
At  present,  there  is  exposed  one  foot  of  light  gray  limestone 
overlying  eight  to  ten  inches  of  yellow  clay  and  soft,  disin- 
tegrated limestone.  The  lower  bed  is  fossiliferous,  and  is  ap- 
proximately thirteen  feet  above  water  in  the  river.  The  expos- 
ure is  covered  with  drift  and  loess  aggregating  fifteen  to  twenty 
feet. 

Two  miles  north  of  Lewis  on  Turkey  creek,  in  the  northwest 
quarter  of  section  1,  Cass  township,  ten  inches  of  blue,  hard, 
partially  crystalline  limestone  outcrop  in  a  ravine  a  few  hundred 
feet  back  from  *  *  Rockyf  ord,  * '  where  limestone  was  formerly 
quarried.  In  the  northeast  quarter  of  section  1,  six  feet  of 
weathered  limestone  are  in  view  in  ravines  leading  into  Turkey 
creek,  in  places  overlain  with  Cretaceous  sandstone  and  plastic 
clays.  Throughout,  all  exposures  in  this  part  of  the  county  are 
covered  with  ten  to  sixty  feet  of  superficial  materials,  which  ren- 
ders utilisation  out  of  the  question. 

CLARKE   COUNTY. 

The  Missouri  underlies  practically  the  whole  of  Clarke  county, 
but  good  exposures  are  rare,  owing  to  the  heavy  drift  mantle  and 
the  nonindurated  character  of  the  stratified  rocks.  Limestone 
beds  outcrop  along  the  south  branch  of  Whitebreast  creek  in 
Green  Bay  township,  about  six  miles  south  of  Osceola,  and  nu- 
merous crops  appear  along  the  south  branch  of  Squaw  creek  in 
Ward  township.  Several  quarries  have  been  opened  along  the 
creek  named,  and  a  large  quantity  of  stone  has  been  quarried  and 


DALLAS   COUNTY.  487 

used  for  foundations  in  the  principal  residences  and  many  of  the 
business  blocks  m  Osceola.  Two  quarry  sections  given  below 
afford  a  fair  idea  of  the  beds  of  commercial  value. 

The  Carpenter  quarry,  located  four  and  one-half  miles  north- 
west of  Osceola,  and  about  one-fourth  mile  west  of  Squaw  creek : 

FBBT. 

5.  Drift,  with  limestone  bowlders,  variable  in  .thickness;  at- 

tains great  thickness  in  the  bluff,  at  the  face 2-4 

4.  Limestone,  hard,  brittle;  ledges  uneven,  gray  to  blue,  weath- 
ers almost  white;  fossiliferous;  2  to  4  inch  clay  partings 
near  the  base 7 

3.  Limestone,  shaly  to  clayey,  in  places  clay  only 1 

2.  Limestone,  hard,  tough,  fossiliferous;  ranges  from  gray  to 

blue.    The  upper  layers  are  fairly  even,  and  range  from 

6  to  8  inches  in  thickness 4 

1.  Shale,  exposed 4 

The  following  section  is  taken  from  the  vicinity  of  Short's 
quarry,  which  is  located  in  the  northwest  quarter  of  the  south- 
east quarter  of  section  2,  Ward  township : 

FBBT. 

7.    Drift  and  weathered  limestone 4-10 

6.  Residual  clay H 

6.    Compact,  gray  limestone  in  5  ledges:  8  inch,  14  inch,  2  inch, 

2  inch  clay  parting,  4  inch,  1  inch  clay  parting,  14  inch 
ledge.    Total 31 

4.  Fossiliferous,  gray  limestone  separated  from  number  3  by  2 

inches  of  clay li 

3.  Buff  limestone,  hard  and  fossiliferous  below,  separated  by 

thin  clay  seams ,. 1 

2.  Soft,  weathered  limestone 1 

1.    Buff  limestone,  passing  into  gray,  fossiliferous  ledges  below.  2t 

Building  stone  only  is  produced. 

One-half  mile  farther  up  this  creek  at  the  Carter  quarry,  the 
limestone  is  seen  to  rest  on  a  heavy  bed  of  yellow  to  bluish 
calcareous  shale,  nine  feet  thick,  eight  inches  of  which  are 
exposed. 

DALLAS   COUNTY. 

The  Missouri  occupies  a  triangular  area  in  the  southwestern 
comer  of  Dallas  county.  Exposures  are  limited  to  Adams  and 
Union  townships.  The  beds  consist  of  a  series  of  shales  and 
limestones,  all  of  which  belong  to  the  Bethany  sub-stage.    Two 
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principal  limestones  can  be  recognized  and  are  believed  to  cor- 
respond to  the  Fragmental  and  Ektrllmm  horizons.  The  best 
sections  appear  along  Bear  creek  and  its  tributaries,  and  a  num- 
ber of  the  outcrops  have  been  quarried  quite  extensively.  The 
sections  given  below  may  be  taken  as  a  fair  average. 

An  abandoned  quarry  in  the  southwest  quarter  of  section  28, 
Adams  township,  shows: 

FBBT. 

9.    Drift  of  variable  thickness. 

8.    Limestone  thinly  bedded,  slightly  arenaceous 6 

7.  Talus  slope 8 

6.  Limestone 4 

5.  Shales,  gray,  calcareous I 

4.  Limestone f 

3.  Shales,  gray 4 

2.  Limestone,  fragmental 2i 

1.  Des  Moines  series,  exposed  about 60 

In  the  operation  of  the  quarry,  number  4  was  the  lowest  bed 
removed.  The  quarry  is  located  well  up  toward  the  top  of  the 
hill,  and  the  limestone  does  not  appear  to  extend  much  farther 
to  the  east  and  north  of  this  point.  The  same  beds  may  be  viewed 
along  the  east  and  west  road  about  a  half  mile  south  of  the  above 
quarry,  in  section  32.  The  quarry  was  operated  at  one  time,  a 
switch  being  extended  from  the  Chicago,  Eock  Island  and  Paxjific 
railway.  Large  quantities  of  stone  were  shipped.  Most  of  it  was 
used  for  railway  ballast  and  construction. 

Brown  quarry  section  located  on  the  southeast  quarter  of 
section  22,  Union  township : 

FBBT. 

8.  Drift  and  weathered  material 1 

7.  Limestone 10 

6.  Talus  slope,  probably  shale 6 

5.  Shale,  black,  fissile i 

4.  Limestone,  blue,  compact,  exposed f 

3.  Talus  slope 25 

2.  Limestone,  impure  and  fragmental  below 3 

1.    Shale,  calcareous,  ferruginous,  exposed 3 

The  above  quarry  was  opened  about  fifty  years  ago,  and  was 
worked  continuously  for  more  than  forty  years.  The  rock  quar- 
ried is  No.  7,  which  is  a  blue  to  buflf,  compact  and  evenly  bedded 
limestone.    The  individual  ledges  vary  in  thickness  from  eight 
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to  ten  inches,  and  are  separated  by  shale  i>artings.  Chert  nod- 
ules in  well  defined  bands  appear  at  certain  horizons. 

The  upper  limestone  member,  No.  7,  is  also  well  exposed  in  a 
quarry  on  the  southwest  quarter  of  section  35,  just  north  of  the 
Madison  county  line.  It  has  a  thickness  at  this  place  of  twelve 
to  fourteen  feet,  and  is  underlain  by  blue  shales.  The  quarry 
was  opened  more  than  20  years  ago,  and  formerly  was  con- 
nected by  a  switch  with  the  Spirit  Lake  branch  of  the  Chicago, 
Milwaukee  and  St.  Paul  Railway.  The  rock  utilized  was  the 
heavy  bed  of  rough  limestone.  Almost  the  entire  product  of  the 
quarry  was  used  as  crushed  stone,  and  was  shipped  to  Des 
Moines,  and  employed  in  the  concrete  foundations  of  the  brick 
pavements.  The  amount  of  stripping  was  large,  and  added 
greatly  to  the  cost  of  quarrying.  The  quarry  has  long  since 
been  abandoned. 

Small  quarries  have  been  opened  from  time  to  time  at  other 
points  in  the  Upper  Coal  Measures  in  the  vicinity  of  Adel  and 
Waukee,  but  these  were  operated  intermittently,  and  were  of 
local  importance  only. 

DECATUR  COUNTY. 

The  Missouri  stage  is  represented  in  Decatur  county  by  the 
Bethany  sub-stage,  which  comprises  four,  possibly  five,  well 
defined  limestones,  interbedded  with  variable  shales,  in  the  main 
calcareous.  The  basal  limestone  member  represented  in  the 
county  is  known  as  the  Fragmental,  and  is  typically  exposed  at 
Bethany,  Missouri.  Exposures  in  the  county  are  not  important, 
and  are  usually  obscured  by  the  overlying  drift  and  by  talus 
from  the  beds  above.  Where  it  is  typically  developed,  it  is  not 
sufficiently  indurated  and  uniform  in  texture  to  be  a  desirable 
bridge  or  building  stone.  It  could  be  used,  however,  for  road 
work,  concrete,  and  railway  ballast.  So  far  as  known,  it  has 
never  been  utilized  in  Decatur  county.  All  of  the  limestones  are 
essentially  non-magnesian,  are  of  great  purity,  and  as  a  rule, 
contain  little  iron  pyrite  or  other  objectionable  constituents. 

The  Earlham  limestone  appears  in  sections  along  the  Grand 
river,  in  the  vicinity  of  Davis  City,  and  in  Burrell  township 
along  Pot  Hole  creek.    At  both  of  these  points,  some  quarrying 
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has  been  done,  the  largest  quarry  in  the  county  being  located  at 
Davis  City,  at  which  place  the  Boswell  quarry  shows  the  follow- 
ing section  : 

PBBT. 

6.  Soil  and  loess 2-4 

6.  Limestone 1 

4.  Rotten  stone  and  shale 2 

3.  Limestone,  14-inch  ledge  overlying  a  3-inch  ledge li 

2.  Shale  and  rotten  stone 1 

1.  Limestone,  with  wavy  bedding,  ledges  running  from  3  to  16 

inches 6 

The  courses  appear  to  be  somewhat  persistent,  but  are  variable 
in  thickness.  A  black  shale  appears  below  the  basal  linaestone 
and  this  shale  is  in  turn  underlain  by  the  Fragmental  limestone. 
Higher  in  the  bluffs,  the  Winterset  limestone  appears.  On  Pot 
Hole  creek,  the  section  given  below  is  exposed  and  may  be  taken 
as  fairly  representative : 

PBBT. 

3.  Limestone,  ash  gray  to  brown,  fine-grained,  thin-bedded,  with 

courses  up  to  1  foot  in  thickness,  and  shale  partings 6-10 

2.  Shale,  drab,  imperfectly  exposed,  but  showing  1  foot  of  black 

shale 10 

1.  Limestone,  brecciated  or  fragmental  type,  firmly  cemented 

and  apparently  non-f ossiliferous 4 

The  beds  dip  to  the  west  here,  and  higher  up  the  stream  the 
Winterset  appears  in  the  hills.  Some  quarrying  has  been  done 
on  the  opposite  side  of  the  river,  and  blocks  of  considerable 
thickness  still  mark  the  site  of  the  old  quarries.  It  is  reported 
that  stone  from  this  quarry  was  formerly  dressed  and  sold  for 
monumental  work. 

The  Winterset  limestone  exhibits  good  exposures  in  the  vi- 
cinity of  Lamoni,  along  Hall  and  Elk  creeks,  in  Bloomington 
township,  in  addition  to  the  localities  already  mentioned  in  dis- 
cussing the  Earlham.  One  of  the  best  sections  appears  along 
Pot  Hole  creek,  about  five  miles  northeast  of  Lamoni,  and  is 
given  below : 

PBBT. 

6.    Limestone  (Winterset)  with  Spirifer  cameratuSj  Productus  punc- 

tatuSf  Productus  coatatuSf  Athyris  subtilitay  etc 15 

5.  Shale,  gray  to  drab 3i 

4.  Shale,  bituminous 2i 

3.  Coal i 

2.  Shale,  gray 6 

1.    Limestone  (Earlham)  in  bed  of  creek. 


DECATUR  COUNTY. 


Fio  M— TInterset  limMtone  on  Pol  Bole  creek  vllb  shaleB  b«lo«  extending  down  to  the 


In  nearly  all  sections  of  the  Winterset,  in  addition  to  the 
shales  above  and  below,  one  or  more  of  the  other  limestone  mem- 
bers of  the  Bethany  sub-stage  are  present. 

The  DeKalb  member  is  exposed  both  east  and  west  of  DeKalb 
station,  and  at  numerous  other  points  in  the  county.  The  sec- 
tions given  below  may  be  considered  fairly  representative: 

SECTION   EAST  OF  DE   KALB  STATION. 


6.     Stripping,  bowlder  clay 

6.    LimeBtone,  irrefiulftr  and  waterwom 

4.    Shale,  hard 

3.    Limeetone,  irregularly  bedded 

2.    Shale  or  bastard  rock 

1.  Limestone  in  Ave  ledges  that  are  respectively  9,  12,  6,  13,  and 

8  inches  in  thickness 
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SECTION  ONE  MILE  WEST  OF  DE  KALB  STATION. 

4.  Limestone 1 

3.  Limestone i 

2.  Limestone i 

1.  Limestone i 

A  fifth  limestone  horizon  belonging  to  the  Bethany  and  present 
in  the  county  was  recognized  by  Bain,  who  designated  it  provis- 
ionally as  the  Westerville  limestone.  It  is  typically  exposed 
near  Westerville,  in  Union  comity.  It  has  not  been  quarried 
to  any  considerable  extent  in  Decatur  county.  It  occurs  in  the 
hills  along  Sand  creek,  attains  a  thickness  of  ten  feet  and  is  quite 
readily  accessible.  It  is  separated  from  the  DeKalb  by  the 
usual  shale  layers.  All  of  the  limestones  represented  occur  in 
comparatively  thin  beds  ranging  from  three  to  sixteen  or  even 
eighteen  inches  in  thickness,  are  fairly  persistent,  each  horizon 
rarely  exceeding  fifteen  feet  in  thickness,  and  are  quite  uniform 
in  composition.  They  do  not  resist  weathering  influences  well. 
After  undergoing  repeated  freezing  and  thawing,  they  are  sub- 
ject to  spalling,  and  the  ledges  break  down  rapidly  on  exposure. 
While  quarrying  operations  have  been  carried  on  somewhat  in- 
termittently for  more  than  half  a  century,  very  little  stone  is 
produced  at  the  present  time.  There  is  but  a  single  crusher  in 
the  county  and  that  is  located  at  Davis  City.  The  general  quarry 
products  consist  of  rubble,  rough  stone  for  foundation  and  well 
purposes,  and  crushed  stone,  lii  the  early  history  of  the  county, 
lime  was  burned  at  several  points.  On  account  of  the  high  per- 
centage of  calcium  carbonate  and  the  lack  of  siliceous  and  clayey 
impurities,  the  lime  was  white,  and  in  slaking,  produced  consid- 
erable heat,  not  necessarily  objectionable  features  for  some  pur- 
poses, but  producing  a  weaker  mortar  than  can  be  secured  from 
the  magnesian  limestones. 

Owing  to  the  establiishment  of  large  plants  at  Ash  Grove, 
Springfield,  and  other  points  in  Missouri,  the  cost  of  producing 
lime  was  greatly  cheapened.  The  local  plants  were  unable  to 
compete,  and  were  discontinued. 

FREMONT   COUNTY. 

The  Missouri  as  exposed  in  Fremont  county  comprises  a  com- 
plicated series  of  interbedded  limestone  bands  and  shales.   While 


FREMONT  COUNTY.  493 

nomerous  limestone  beds  are  present,  and  are  fairly  persistent, 
none  are  of  snfficient  thickness  to  merit  distinctive  names  or  in- 
dividnal  notice.  In  general  the  individual  beds  rarely  exceed 
fonr  feet  in  thickness,  and  are  almost  inaccessible  on  accoont  of 
the  excessive  overburden.  Some  quarrying  has  been  done, 
mainly  along  the  base  of  the  Missouri  river  bluff.  A  few  unim- 
portant openings  have  been  made  in  the  interior  of  the  county 
in  the  vicinity  of  Riverton,  and  along  Plum  creek,  in  Green 
township.  The  only  quarries  which  have  been  in  operation  re- 
cently are  in  the  vicinity  of  Thurman  in  Scott  township.  The 
limestone  beds  when  first  exposed  appear  to  be  well  indurated, 
and  l^e  layers  range  from  four  to  eight  or  ten  inches  in  thickness, 
oocaaionally  attaining  even  greater  thicknesses.  The  stone  is 
used  for  rough  masonry,  such  as  foundations  for  buildings,  well- 
curbs,  retaining  walls,  and  other  rough  work.  On  exposure  to 
the  elements,  it  does  not  resist  weathering  well,  but  rapidly  takes 
on  a  pseudo-concretionary  structure,  evidently  due  to  its  frag- 
mental  character  and  imperfect  cementation.  This  effect  is  well 
shown  in  the  retaining  wall  north  of  Thurman  along  the  Thor- 
man-Bartlett  wagon  road.    All  of  the  limestones  appear  to  be 


I— BMalnlns  wall  nonb  of  TtmnnaD  iboirliw  ctaaraeterlatle  we>th«rliUE  ot  Hlaaonrl 
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non-magnesiaii ;  on  account  of  their  limited  thicknesses  and 
heavy  overburden,  they  are  never  more  than  of  local  importance. 
The  following  sections  may  be  considered  fairly  representative. 
Section  in  the  bluff  near  the  south  line  of  section  14,  Scott 
township:  ,     -i  5 


9.  Thick  loess  cover. 

8.  Limestone,  fine-grained,  oolitic  textare 3 

7.  Limestone,  impure,  fossiliferous 2i 

6.  Limestone,  gray,  massive,  with  thin  shaly  partings 11 

5.  Limestoi^e,  gray,  highly  fossiliferoas i 

4.  Shale,  gray,  with  black  shale  partings U 

3.  Limestone,  bluish,  with  occasional  crinoid  stems 1 

2.  Shale 1* 

1.  Coal  reported li 

Section  on  Mill  creek,  near  the  center  of  the  southwest  quar- 
ter of  section  33,  Riverton  township : 

PBBT. 

10.    Drift  and  loess  of  indefinite  thickness. 

9.  Shale,  weathered,  yellow 10 

8.  Limestone,  gray  to  white,  with  greenish  shale  partings,  some- 

what pyritic,  small  blocks  of  durable  stone  obtainable 3 

7.  Limestone,  weathered,  marly,  iron-stained 2i 

6.  Shale,  blue  to  black,  calcareous,   with  yellow   blotches   and 

small  compact  concretions,  slightly  arenaceous 4 

5.  Talus  slope,  probably  limestone 2 

4.  Sandstone,  fine-grained,  soft i 

3.  Silt,  shaly,  and  friable 4i 

2.  Sandstone,  fine-grained,  calcareous,  var3ring  in  color  from  blu- 

ish gray  to  brown,  well  indurated 2 

1.  Shale,  bluish  gray,  with  reddish  arenaceous  seams,  and  large 
irregular  calcareous  concretions  lodged  in  the  vertical  or  in- 
clined joints 8 

Numbers  1  to  4  inclusive,  appear  in  the  bed  of  Mill  creek  but 
are  not  well  exposed. 

GUTHRIE  COUNTY. 

Suitable  material  for  building  purposes  is  to  be  had  from  the 
Missouri,  in  Guthrie  county.  Strata  belonging  to  this  stage  are 
known  to  be  present  over  about  one-third  of  Beaver  township 
and  to  occupy  essentially  the  whole  of  Penn  in  the  southeast 
comer  of  the  county.  This  stage  is  represented  by  the  Frag- 
mental  and  Earlham  limestones  of  the  Bethany  and  by  a  portion 
of  the  Winterset  section.    Those  rocks  appear  along  the  lower 
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* 

portion  of  Beaver  creek,  Deer  creek,  Long  Branch  ,and  South 
Baccoon  river,  in  l-edges  varying  from  six  to  twenty-four  inches 
in  thickness  and  separated  by  shaly  or  clayey  partings.  The 
following  typical  section  taken  from  the  Geology  of  Madison 
County,^  will  serve  to  show  the  nature  and  succession  of  the 
beds.  It  is  taken  from  along  Deer  creek,  section  19,  Penn  town- 
ship. Oood  exposures  are  lacking  as  the  stone  has  not  been 
quarried  extensively  at  any  point. 

FEET. 

5.  Limeetone,  coarse,  gray;  with  Fusulina  similar  to  that  occur- 
ring at  Winterset 2 

4.    Shales,  exposed  only  in  part 8 

3.  Earlham  limestone,  ash  gray,  with  conchoidal  fracture,  in  lay- 
ers two  to  ten  inches  thick,  separated  by  shale  partings 12 

2.    Shale,  gray,  argillaceous,  becoming  bituminous  and  slaty  at 

the  top 10 

1.  Limestone,  fragmental,  made  up  of  irregular  bits  of  lime  rock 
filled  in  with  calcareous  clay.  In  places  the  rock  can  be 
picked  to  pieces  with  the  fingers;  elsewhere  it  hardens  up 
into  massive  layers  two  feet  in  thickness 10 

The  lowest  member  of  this  section  rests  on  sandy  shales  which 
form  the  top  of  the  Des  Moines  stage.  Ten  to  thirty  feet  of 
loess  and  drift  overlie  the  exposures  along  Deer  creek,  and 
wherever  the  beds  appear  along  the  other  streams  mentioned 
they  are  also  invariably  buried  beneath  a  heavy  mantle  of  the 
same  material. 

HARRISON   COUNTY. 

Exposures  of  formations  older  than  the  Pleistocene  are  found 
in  Harrison  county  at  a  few  points  along  the  Boyer  river.  At 
Logan,  both  above  and  below  the  mill,  limestone  has  been  quar- 
ried at  the  east  side  of  the  river  valley.  Some  six  miles  farther 
up  the  river,  and  two  miles  below  the  town  of  Woodbine,  con- 
siderable stone  is  said  to  have  been  quarried  in  the  left  bank  of 
the  Boyer.^  The  strata  are  prevailingly  limestone,  and  belong 
to  the  Missouri  stage  of  the  Upper  Carboniferous.  So  far  as 
known,  they  are  the  most  northern  exposures  of  these  measures 
in  Iowa. 

*  J.  L.  Tilton  and  H.  F.  Bain,  Iowa  Geological  Sarvey,  Vol.  vn,  p.  418. 
to.  A.  White,  Geology  ofHowa,  Vol.  II,  1870,  p.  180. 
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No  stone  is  now  taken  out  at  either  of  these  localities,  and  the 
old  quarry  faces  are  greatly  obscured  by  rock  debris.  The  fol- 
lowing section  is  in  view  just  above  the  mill  and  across  the  river 
from  the  town  of  Logan: 


5.    Loesi,  passing  into  sands  below 404- 

4.    Sand,  containing  coarse  gravel  and  bowlders  of  a  variety  of 

igneous  types,  plainly  Pleistocene li 

3.  Limestone,  decayed  above,  and  splitting  irregularly  along  bed- 
ding planes;  color  buff,  contains  much  crystalline  calcite, 
and  is  fossiliferous.  Prodtictus  longispinus,  P.  costatus  and 
Spirifer  cameratua  are  abundant.  Ledges  are  but  a  few 
inches  thick,  and  but  small  blocks  can  be  obtained 1 

2.  Limestone,  coarse  in  texture,  composed  largely  of  a  shell  brec- 
cia. Spirifer  cameratus,  Athyris  suhtilita  and  crinoids  are 
common.  Badly  weathered  and  iron-stained  in  places,  the 
iron  frequently  distributed  in  concentric  bands,  giving  the 
appearance  of  a  sandstone;  occasional  nodules  of  both  light 
and  dark  chert i-f 

1.  Limestone,  gray  to  blue,  splitting  in  ledges  a  few  inches  thick; 
highly  fossiliferous;  said  to  extend  down  several  feet. 
Breaks  into  small  blocks,  but  is  the  principal  quarry  stone, 
exposed 2 

A  face  perhaps  100  feet  in  length  is  open  at  this  point.  The 
base  of  this  section  is  about  three  or  four  feet  above  the  water 
in  the  river,  which  is  but  fifty  feet  distant.  While  the  rock  is 
suitable  for  ordinary  rough  work,  quarrying  has  been  limited 
by  the  excessive  overburden.  This  same  factor  determines  the 
amount  of  stone  available  in  the  other  localities  mentioned. 
Since  the  county  is  in  general  covered  with  a  great  thickness  of 
recent  deposits,  which  require  removal,  the  production  of  stone 
will  of  necessity  be  very  limited  in  the  future. 

MADISON  COUNTY. 

The  Missouri  limestones  underlie  about  two-thirds  of  Madison 
county,  and  belong  entirely  to  the  Bethany  sub-stage.  The  four 
limestone  members  representmg  this  sub-stage  are  well  repre- 
sented in  the  county  and  all  may  be  observed  along  Middle  river 
in  Lincoln  township.  A  composite  section,  produced  by  blending 
the  beds  exposed  along  the  ravine  in  section  22  in  Lincoln  town- 
ship with  the  lower  beds  which  may  be  seen  in  the  locality  of  the 
Devil's  Backbone,  is  as  follows: 
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1 

FEBT. 

18.    Glacial  debris  variable  in  character  and  thickness. 

12.    Limestone,  yellow,  earthy;  thinly  bedded,  Fusulina  zone 4 

11.    Shale,  variable  in  color  and  composition,  bisected  by  compact 

limestone  and  decidedly  calcareous  above 13 

10.    Limestone,  coarse,  with  shaly  partings 3 

9.    Shale,  dark,  carbonaceous  in  part  and  with  calcareous,  fossil- 

iferons  bands 8 

8.    Limestone,  blue,  fossiliferous,  with  shaly  partings 3 

7.    Shale,  dark  above;  lighter  and  calcareous  to  marly  below 5 

6.    Limestone,  yellowish  above,  shaly  partings  below 17 

5.    Shale,  black   above;   variable,    earthy,  yellowish,  calcareous 

beds  below 7 

4.    Limestone,  with  shale  partings 12 

3.    Shale,  black  above,  arenaceous  below;  the  two  members  sep- 
arated by  a  thin  band  of  limestone 18 

2.    Limestone,  exhibits  a  nodular  structure  in  weathering;  frag- 

mental,  with  shale  parting  near  the  middle 9 

1.    Shale,  exposed 20 

Number  2  in  the  above  section  corresponds  to  the  Fragmental 
phase  of  the  Bethany,  typically  developed  at  Bethany,  Missouri, 
and  forms  the  ledge  over  which  the  water  falls  at  the  Backbone 
mill.  Number  4  represents  the  Earlham,  number  6  the  Winter- 
set,  and  number  12  the  Fusulina  or  DeKalb  phase,  according  to 
Bain  in  his  Decatur  county  report.  All  of  the  members  are  com- 
paratively pure,  the  limestone  being  essentially  non-magnesian 
and  reasonably  free  from  iron  pyrite.  The  associated  shales  are 
usually  more  or  less  calcareous  and  often  carry  considerable  of 
the  iron  sulphides.  The  two  middle  limestone  members  are 
the  ones  most  widely  distributed  in  the  county,  and  are  the 
only  ones  quarried  extensively. 

The  Fragmental  limestone  apparently  occurs  in  heavy  beds  in 
fresh  exposures,  but  where  the  beds  have  been  exposed  some 
time,  they  readily  show  their  fragmental  character,  and  are 
practically  worthless  for  structural  purposes. 

The  Missouri  limestones  are  responsible  for  a  prominent 
topographic  feature  producing  a  well  marked  escarpment  which 
crosses  the  county  diagonally  in  a  northwest-southeast  direction. 
The  principal  streams  cross  the  escarpment  at  right  angles  and 
the  most  important  outcrops  occur  where  the  streams  debouch 
on  the  Lower  Coal  Measures.  Quarry  opening  has  been  limited 
to  the  streamways  which  have  railway  facilities,  and  three  cen- 

32 
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ters  are  worthy  of  mention.  These,  named  in  their  order  from 
northwest  to  southeast,  are  as  follows :  Earlham,  Winterset,  and 
Pern.  Unimportant  qnarries  have  been  opened  and  operated 
from  time  to  time  at  numerous  other  points  but  at  present  do  not 
merit  individual  mention. 

The  Earlham  beds  have  been  most  extensively  quarried  and 
afford  a  fair  grade  of  stone  suitable  for  dimension  stone,  rubble, 
and  crushed  stone.  Near  Earlham  two  quarry  companies  have 
operated  extensively,  and  are  directly  connected  with  the  main 
line  of  the  Bock  Island  Railway.  The  first  is  owned  and  oper- 
ated by  the  Earlham  Land  Company  with  oflSces  in  Des  Moines, 
and  is  located  about  one  and  one-half  miles  south  of  the  railway 
station  in  Earlham,  along  the  north  branch  of  North  river.  The 
section  exposed  is  as  follows : 

EARLHAM  LAND  COMPANY.     QUARRY  SECTION. 

FBBT. 

4.    Loess  and  drift,  of  variable  thickness 10-14 

3.  Limestone,  in  regular  beds,  with  shale  parting  near  the  mid- 

dle        9 

2.  Limestone,  less  evenly  bedded  than  the  above,  hard  and  brit- 

tle        6 

1.  Sandstone,  calcareous  and  shaly,  exposed. 

The  second  is  located  along  the  main  line  of  the  Chicago,  Rock 
Island  and  Pacific  Railway  two  miles  east  of  the  town  of  Earl- 
ham, on  Bear  creek,  and  is  owned  and  operated  by  S.  A.  Robert- 
son of  Des  Moines.    The  sequence  of  beds  is  as  follows : 

ROBERTSON  QUARRY.* 

FBET. 

7.  Loess  and  drift,  variable 2-8 

6.  Limestone,  gray  to  baff ,  evenly  bedded 2 

6.  Limestone,  irregularly  bedded,  with  some  cherts 3  i 

4.  Limestone,  evenly  bedded,  becoming  shaly  near  the  middle...       4 

3.  Limestone,  shattered,  unevenly  bedded,  cherty li  ' 

2.  Limestone,  rather  evenly  bedded  above,  and  unevenly  bedded 

below.    Hard  and  compact,  but  in  thin  ledges 6 

1.    Sandstone,  calcareous  and  shaly,  exposed.  j 

*At  the  present  time  owned  by  the  Iowa  Portland  Cement  Company  and  will 
supply  the  raw  materials  for  their  Des  Moines  plant. 
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A  composite  sample  was  selected  from  the  Bobertson  quarry 
and  analyzed.    The  result  of  the  analysis  is  given  below : 

Insoluble 7.86 

Iron  oxide  and  alumina 1.00 

Calcium  carbonate 91.15 

Magnesium  carbonate 0.61 

L.  G.  Michael,  Analyst. 

The  beds  lie  almost  in  horizontal  position,  and  have  little 
overburden.  Most  of  the  quarrying  here  is  done  by  hand  meth- 
ods, although  the  plant  is  equipped  with  steam  power,  tram 
cars,  and  rope  haulage.  The  product  consists  of  dimension 
stone,  rubble,  and  crushed  stone.  Practically  all  of  the  waste 
resulting  from  the  quarry  operations  is  sent  to  the  crusher,  the 
plant  being  equipped  with  a  Gates  Gyratory  crusher,  an  elevator, 
and  revolving  screen.  While  the  plant  has  a  capacity  of  200 
yards  of  crushed  stone  per  day,  it  is  operated  only  intermittently. 

The  quarry  of  the  Earlham  Land  Company  has  also  been 
worked  only  intermittently  during  the  past  few  years.  The 
amount  of  overburden  is  rather  greater  than  at  the  Robertson 
qujarry.  The  .  equipment  and  quarry  methods  employed  and 
products  put  upon  the  market  are  practically  the  same  at  both 
quarries. 

The  Winterset  limestone  has  been  most  extensively  developed 
in  the  vicinity  of  Winterset.  The  stone  used  in  the  Madison 
county  court  house  was  obtained  from  the  local  quarries.  The 
building  was  erected  about  thirty  years  ago,  bearing  the  date  of 
1876,  and  all  parts  are  in  an  excellent  state  of  preservation  save 
some  of  the  stone  steps,  and  one  or  two  of  the  large  columns, 
which  show  signs  of  failure  due  to  selection  of  poor  materials. 
One  of  the  porch  columns  has  become  roughened  owing  to  the 
presence  of  ''clay  balls''  which  appear  to  be  one  of  the  most 
serious  defects  in  the  stone  but  could  be  avoided  by  careful 
selection.  Several  of  the  steps  have  been  replaced  while  others 
show  signs  of  weakness.  The  failure  in  this  instance  was  due 
to  spalling  and  opening  of  cracks  along  bedding  planes.  The 
most  of  the  materials  used  in  the  court  house  were  obtained  from 
the  quarry  in  the  northwest  quarter  of  section  12  and  the  ''Back- 
bone" quarry,  both  in  Lincoln  township. 
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A  good  section  showing  tiie  "Winterset  beda  may  be  viewed 
within  the  city  limits  abont  a  half  mile  southeast  of  court  house 
square.    The  seqaence  la  as  follows : 


7.    Drift  and  soil  (thickena  greMly  in  the  blnffe) 3 

6.    Limestone,  disintegrated,  uneven  on  the  upper  aurfsce  and 

probably  thickens  toward  the  bluffs,  exposed 3 

5.    Limestone,  gray,  heavy-bedded,  somevhat  porous  and  fOMJlif- 

erous 3 

4.    Limeetone,  foesiliferoua  and  presents  a  concretionary  faciee; 

decidedly  argillaceous li 

3.  Limestone,  gray  to  buff,  hard,  brittle  and  fosailiferous;  un- 
evenly bedded,  top  and  bottom  layers  thickest,  slightly  con- 
cretionary        8 

2.     Limestone,  ebaly,  gray  to  yellow,  hij^hly  foBsiliferouB II 

I.    Limeetone,    buff  to   gray,    somewhat    unevenly  bedded  and 

slightly  clayey;  massive  in  unweathered  sections,  expoeed..      4 

The  base  of  the  above  section  is  about  sixteen  feet  above  the 
roadway,  which  follows  the  ravine  down  to  Middle  river.  A 
black  shale  band  appears  in  the  bluff  about  ten  feet  above  niun- 
ber  6  in  the  section. 

Although  important  shales  are  not  exposed  in  the  immediate 
vicinity,  an  abundance  of  shale  occurs  within  easy  reach,  bat  is 
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nsually  more  or  less  obscured  by  the  heavy  talus  from  the 
snperincTimbeiit  deposits.  East  of  Winterset,  in  the  pit  of  the 
Winterset  Brick  and  Tile  Plant  and  in  the  cut  along  the  wagon 
roadway  leading  north  from  the  plant,  the  following  beds  may  be 
viewed : 


Roadway  and  pit  section  of  the  Winterset  Brick  and  Tile  Com- 
pany: 

T.    Drift  and  soil,  oxidized  a  deep  red  below  the  soil  zone;  loner 

portion  contains  lime  concretions 0-10 

e.  Limestone,  blue-gray  to  iron-stained  yellow;  beds  exposed 
along  roadway;  do  not  run  more  than  sii  inches  in  thick- 
nees.  Occasional  shale  partings  ranging  trom  a  few  inches 
to  more  than  a  foot  in  thickness  appear  tbroughoat  the  sec- 
tion       25 

5.    Shale,  black,  carbonaceoas 2 

4.    Talus  slope  (probably  shale,  in  part  at  least) 20-30 

3.    Shale,  plastic,  gray-blue 10-16    ' 

2.    Shale,  arenaceous 10 

1.    Shale,  plastic,  variegated,  blue-gray  to  red 8 

The  lower  shale  members,  numbers  1  and  2,  have  been  sampled 
and  analyzed.    An  average  sample  was  selected  from  the  Winter- 
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set  quarries  and  analyzed.    The  results  of  both  sets  of  analyses 
are  given  herewith: 

1.  2. 

Silica  (SiOg) 64.74  26.72 

Alumina  (AUOs) 18.07         3.83 

Ferric  iron  (Fe.Oa) 6.90         3.11 

Lime  (CaO) 1.25  3<i.08 

Magnesia  (MgO) 1.30         0.48 

Potash  (K.O) 1.09  1.12 

Soda  (Na.O) 0.41  0.18 

Sulphur  trioxide  (SO,) 0.15         0.22 

Moisture 1.99         0.55 

Loss  on  ignition 4. 15  28.40 

Totals 100.a5      100.69 

A.  O.  Anderson,  Analyst. 

Number  1  represents  an  average  sample  taken  from  the  pit 
of  the  Winterset  Brick  and  Tile  Company. 

Number  2  represents  the  clayey  partings  in  the  Winterset 
limestone. 

Analysis  of  Winterset  limestone  selected  from  City  quarry. 

Insoluble 12.63 

Iron  and  alumina 1.18 

Calcium  carbonate 84.34 

Magnesium  carbonate 2.19 

Moisture 0.02 

Total 100.36 

Similar  limestone  deposits  are  to  be  found  along  the  Chicago 
Great  Western  railway  at  Peru.  According  to  T.  E.  Savage, 
the  beds  exposed  at  this  point  are  as  follows : 

FEET. 

10.    Yellow  colored  loess 5-8 

9.    Drift,  reddish  brown  above  grading  down  to  gray  below;  con- 
taining numerous  bowlders  in  the  lower  portion 9  15 

8.    Gray  or   yellowish   limestone,    argillaceous,    fine-grained;    in 
three  layers  respectively  15,  18,  and  12  inches  in  thickness. 

Much  stained  in  upper  part 4f 

7.    Bluish  colored  shale,  with  a  band  of  limestone  1  to  5  inches  in 

thickness  near  the  middle  portion If 

6.    Dense,  gray  limestone,  in  layers  16,  24,  6  and   16  inches   in 

thickness 5 

5.    Band  of  gray  shale I 

4.    Layer  of  gray  limestone,  crinoidal  in  lower  portion 2i 
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FBBT. 

3.    Ledge  of  gray  limestone  similar  to  number  4  above,  in  two 

layers  respectively  12  and  30  inches  in  thickness 3i 

2.    Band  of  grayish  blue  shale It 

1.    Tains  slope  with  occasional  outcrops  of  limestone ,  to  level  of 

flood  plain 20 

The  principal  product  of  the  quarry  at  the  present  time  is 
crushed  stone,  which  is  used  extensively  in  and  about  Des 
Moines. 

According  to  Mr.  Savage  the  bluff  continues  a  distance  of  one- 
half  mile  along  Clanton  creek.  A  composite  sample  was  selected 
from  the  limestone  members  of  the  above  section  and  analyzed, 
and  the  results  of  the  analysis  are  given  below: 

Silica 17.16 

Iron  oxide  and  alumina 2.64 

Calcium  carbonate 72.76 

Magnesium  carbonate 2.86 

Sulphur  trioxide 0.96 

Moisture 0.30 

Combined  water 3.12 

Analyzed  by  L.  G.  Michael. 

Lime  of  acceptable  quality  was  formerly  burned  at  several 
poinds  in  the  county,  viz.,  Winterset,  Peru,  and  in  Jefferson  and 
Madison  townships.  The  industry  never  attained  any  consid- 
erable importance,  and  was  abandoned  on  the  introduction  from 
other  districts  of  limes  which  were  of  better  quality  and  could  be 
produced  more  cheaply. 

MILLS   COUNTY. 

The  constitution  of  the  Missouri  in  Mills  county  is  almost  an 
exact  duplicate  of  the  stage  in  Fremont  county  to  the  south. 
The  shale  members  greatly  predominate,  and  as  before,  the  ex- 
posures of  the  indurated  beds  are  limited  almost  wholly  to  the 
bluflfs  facing  the  Missouri  river.  A  few  exposures  are  found 
elsewhere,  especially  along  the  Nishnabotna  river  and  its  imme- 
diate tributaries.  While  the  limestone  ledges  appear  at  a  con- 
siderable number  of  points,  quarrying  operations  have  been  car- 
ried on  at  a  very  few,  and  the  probabilities  are  that  the  industry 
will  never  attain  any  importance  in  the  county.  The  leading 
sections  are  given  below. 
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Section  in  the  bluffs  in  the  southeast  quarter  of  section  16, 
Lyons  township : 

FEET. 

13.    Loess  and  drift  of  indefinite  thickness,  which  reach  great 

depth  immediately  back  from  quarry  face,  average 18 

12.    Limestone,  oolitic  above  and  compact  below 3 

11.    Shale,  gray,  with  two  calcareous  stone  layers  about  3i  and  4i 

feet  from  the  upper  surface,  fossiliferous  throughout 61 

10.    Limestone ^ 1 

9.    Shale,  gray,  calcareous  and  fossiliferous 1 

8.    Limestone  with  a  band  of  chert If 

7.    Shale,   gray  and  black,  slightly  calcareous,   with  occasional 

streaks  or  pockets  of  coal li 

6.    Limestone,  compact,  white,  breaking  preferably  along  vertical 

planes _ 1 

5.  Shale,  varying  from  slightly  to  highly  calcareous 2 

4.  Limestone,  gray,  fragmental,  some  of  the  fragments  clean  and 

some  covered  with  oolitic  crust,  all  imbedded  in  a  fine- 
grained matrix 3i 

3.  Limestone,  shaly,  grading  into  4 1 

2.  Limestone,  yellowish  gray,  in  he^vy   ledges,  showing  a  tend- 

ency to   wedge  out,  shale  partings  present 4 

1.  Shale,  bluish  gray  to  black,  and  talus .   8 

The  above  is  the  most  important  section  in  the  county,  and 
continues  along  the  bluff  for  about  half  a  mile.  Extensive 
quarrying  was  carried  on  formerly,  but  the  industry  has  been 
practically  abandoned.  Number  2  appears  to  have  furnished  the 
most  important  quarry  stone.  A  small  quantity  of  stone  is  now 
burned  for  lime  at  this  place. 

Section  formerly  exposed  in  the  quarry  near  the  Missouri 
river  bluffs,  at  Mills  station : 

FEET. 

6.  Loess  and  drift  of  variable  thickness 50-60 

5.  Disintegrated  limestone  containing  Fusulina  cylindrica i 

4.  Yellow  shale  or  disintegrated  limestone  containing  Fusulina 

cylindrica 2i 

3.  Limestone,  decayed  and  yellow  above,  gray  and  sound  below, 

containing  numerous  nodules  of  fossiliferous  chert 3 

2.  Concealed,  probably  shale 2 

1.    Bluish,  dark  gray  limestone 1 

Only  No.  3  is  now  visible  in  above  section.    The  same  stone 
appears  in  the  stream  channel  south  of  the  railroad. 
Section  in  the  quarry  at  Henton : 
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FEBT. 

5.  Loesi  and  drift  of  variable  thickness. 

4.  Shale,  gray,  with  thin  calcareous  layers  and  occasional  small 

calcaroous  concretions 2 

3.  Limestone,  gray  or  yellow li 

2.  Limestone,  gray  to  cream  colored,  with  dark  cherty  concre- 

tions several  inches  in  diameter,  somewhat  pyritic I 

1.  Limestone,  light  bluish  gray,  in  heavy  ledges  with  some  shale 

partings,  and  irregular  nodules  of  chert;  fossiliferoas 3 

Several  small  quarries  have  been  opened  in  this  vicinity. 
Quarrying  operations  have,  however,  been  carried  on  ohly  inter- 
mittently, and  then  in  a  dilatory  way.  Away  from  the  Missouri 
bluffs,  very  few  quarries  have  been  opened,  although  the  lime- 
stone members  are  occasionally  exposed.  The  section  given  be- 
low shows  more  limestone  than  the  average. 

Section  near  the  banks  of  Silver  creek,  one-third  of  a  mile  west 
of  the  center  of  section  5,  White  Cloud  township : 

FBET. 

7.    Loess  and  gravelly  drift 17+ 

6.  Shale,  marly i 

5.  Limestone,   grayish  yellow,  in  three  or  four  heavy  ledges, 

cherty  and  cavernous 6 

4.  Limestone,  gra3d8h  blue,  compact I 

3.  Talus  slope 2 

2.  Limestone,  yellow,  fragmental 2 

1.    Limestone,  formerly  quarried,  but  now  concealed  to   water 

level  of  Silver  creek,  about 3 

These  beds  are  much  obscured,  the  outcropping  edges  of  No.  5 
being  the  only  stone  visible  in  place.  Quarries  were  formerly 
operated  in  section  36,  Eawls  township,  the  upper  ledge  being 
striated.    Stone  is  no  longer  quarried  in  the  vicinity. 

MONTGOMERY   COUNTY. 

Strata  belonging  to  the  Missouri  stage  of  the  Upper  Carbonif- 
erous underlie  the  whole  of  Montgomery  county.  They  are  cov- 
ered in  part  by  Cretaceous  beds,  but  are  exposed  at  a  large  num- 
ber of  places  along  the  principal  streams.  Carboniferous  strata 
are  the  country  rock  of  all  lowlands,  where  the  drift  or  alluvial 
beds  rest  directly  upon  them. 

The  principal  exposures  of  economic  importance  occur  along 
East  Nishnabotna  river  and  Walnut  creek  in  the  western  half 
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of  the  county,  and  on  the  lower  course  of  Tarkio  river  and  the 
upper  course  of  the  West  Nodaway  in  the  eastern  part  of  the 
county.  The  quarry  industry  is  not  at  present  in  a  very  flourish- 
ing condition,  but  stone  suitable  for  common  building  purposes 
has  been  taken  out  at  times  from  a  score  or  more  of  different 
places.  Many  of  the  quarries  that  were  formeriy  worked  on  a 
scale  of  some  magnitude  are  now  abandoned  and  good,  unob- 
scured  sections  are  somewhat  difficult  to  find. 

The  town  of  Stennett  in  the  southern  part  of  Sherman  town- 
ship is  the  center  of  what  has  been  the  most  extensive  quarry 
operations  in  the  county.  Lonsdale*  records  in  his  report  on 
Montgomery  county  in  1895,  nine  working  quarries  in  this  dis- 
trict. Some  dressed  stone  was  produced  and  large  quantities 
were  shipped.  At  present  stone  is  being  taken  from  but  one 
opening,  the  W.  Stennett  quarry,  and  this  is  sold  locally.  The 
section  here  as  given  by  Lonsdale  is  as  follows : 

FEET. 

12.  Soil  and  loess 8 

11.  Clay,  residuary,  red  to  brown  in  color li 

10.  Limestone,  weathered 2 

9.  Shale,  argillaceous . . , i 

8.  Limestone,  hard 1| 

7.  Shale,  clayey,  buff  to  gray 3i 

6.  Limestone,  earthy,  in  part  ocherous 2i 

5.  Limestone,  shaly 3 

4.  Limestone,  impure,  earthy 1 

3.  Limestone,  hard,  sub-crystalline f 

2.  Limestone,  contains  much  dark  chert i 

1.  Limestone,  in  thin  layers 6 

Number  8  is  persistent  in  all  exposures  in  the  vicinity,  and 
is  ouQ  of  the  principal  ledges  used.  It  is  hard,  blue  in  color, 
and  a  very  good  building  stone.  As  observed  in  the  quarry,  the 
other  beds  appear  less  stable  under  weathering  influences.  Oc- 
casional thin  bands  of  shale  separate  the  limestone  ledges  in  most 
exposures.  An  overburden  of  two  to  eight  feet  of  soil  and  loess 
is  usually  present,  and  this,  along  with  on  an  average  of  five 
feet  of  worthless  stone,  must  be  stripped. 

The  principal  quarries  that  have  been  worked  here  are  located 
in  sections  22,  26  and  27,  of  Sherman  township.  There  are  con- 
siderable areas  in  this  vicinity  in  which  the  limestone  is  not 

•Iowa  Geological  Survey.  Vol.  rv.  1894. 
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far  beneath  the  surface,  and  where  it  would  be  available  without 
an  excessive  amount  of  stripping.  Near  the  southeast  comer  of 
section  21,  and  in  section  22,  along  a  small  tributary,  is  exposed  a 
thickness  of  some  twenty-six  feet  of  limestone  strata,  the  prin- 
cipal layers  of  which  are  lower  than  the  Stennett  quarry  section 
grven.  A  maximum  depth  of  twenty  feet  of  loess  covering  is 
present  a  little  back  from  the  present  face. 

Following  is  the  section  at  the  old  McOalla  quarry,  in  the 
southwest  quarter  of  the  southeast  quarter  of  section  23,  Sher- 
man township : 

FEET. 

13.    Soil 1 

12.    Limestone,  decomposed,  Fusalina-bearing li 

11.     Clay,  for  the  most  part  residual li 

10.    Limestone,  hard,  light  to  dark  gray I 

9.    Limestone,  with  black  flint,  hard  in  central  part;  many  Fasu- 

Una  present  throughout 6 

8.    Limestone,  buff  to  brown  in  color,  Fusulina  irregularly  distrib- 
uted   1 

7.  Limestone,  light,  12-inch  ledges;  weathered If 

6.    Unexposed,  probably  similar  to  No.  9 4 

5.  Limestone,  thin  layers,  shaly  partings 5 

4.  Limestone,  hard,  grayish  brown;  concretions  of  dark  flint  dis- 

seminated in  central  portions li 

8.  Limestone,  earthy f 

2.  Shaly  partings i 

1.  Limestone,  buff,  earthy 1 

Several  ledges  of  usable  stone  are  here  available,  and  the  cov- 
ering is  not  thick. 

Limestone  has  been  quarried  along  Walnut  creek,  in  the  east 
half  of  section  1,  Walnut  township.  The  following  section  was 
formerly  exposed: 

FEET. 

6.  Soil  and  residual  material 6 

5.  Shale,  buff  to  gray I 

4.    Limestone  (decomposed) ,  and  shales 5 

3.  Limestone,  flint-bearing li 

2.  Limestone,  hard,  grayish,  in  two   ledges;  very   fossiliferous, 

dimension  stone li 

1.    Limestone,  '  'blue  layer, '  *  dimension  stone li 

Near  Climax  in  the  southeast  quarter  of  section  19,  West 
township,  some  ten  feet  of  the  Missouri  strata  under  a  heavy 
overburden  were  formerly  quarried.    They  were : 
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FEET. 

7.    Soil,  loess  and  drift 18 

6.    Limestone,  hard,  drab,  finely  textured,  not  fully  exposed 1 

5.  Limestone  and  shale,  marly 3 

4.  Shale,  argillaceous,  gray 2 

3.  Limestone,  bluish,  dull,  earthy 1 

2.  Shale,  argillaceous,  gray 1 

1.  Limestone,  light  blue,  hard;  dimension  stone li 

Two  or  three  small  quarries  have  been  worked  along  the 
Middle  Tarkio  river  and  its  tributaries  in  section  20  of  Scott 
township,  and  stone  has  been  taken  out  at  other  points  northward 
to  Stanton.  The  stone  used  came  from  two  ledges,  each  about 
one  foot  thick,  and  separated  by  six  inches  of  marly  shale.  The 
upper  layer  is  a  yellowish  gray,  earthy  limestone ;  the  lower,  a 
hard,  grayish  blue  limestone,  containing  particles  of  iron  pyrite 
which  are  often  oxidized  to  the  brown  hydroxide  or  iron  rust. 
Both  strata  are  suited  for  undressed  dimension  stone  and  for 
foundation  work. 

A  small  amount  of  stone  has  been  removed  from  an  opening 
one  and  one-half  miles  east  of  Villisca.  But  one  bed  of  value 
occurs  here,  and  it  is  covered  with  several  feet  of  shales.  From 
this  point  northward,  the  Upper  Coal  Measures  can  be  traced 
along  the  West  Nodaway  to  the  north  county  line. 

Suitable  stone  for  quarrying  is  found  in  the  vicinity  of  Grant 
(Milf  ord)  in  Douglas  township.  Here  a  number  of  quarries  have 
been  worked,  but  from  only  one  is  stone  now  being  removed.  The 
section  is  almost  entirely  limestone,  and  the  ledges  vary  from  a 
few  inches  to  more  than  three  feet  in  thickness.  The  old  Fisher 
quarry,  located  near  the  south  edge  of  section  3,  and  west  of  the 
river,  is  now  worked  intermittently  by  Mr.  Bichard  Berry.  The 
strata  now  exposed  are : 

FBBT. 

6.  Soil,  loess,  oxidized  drift,  sand  and  gravel 5 

5.  Shale,  plastic,  gray  to  yellow li 

4.  Shaly  limestone,  fossiliferous,  thinly  laminated  and  of  no  value      1 

3.  Shale,  soft,  yellow 1-2 

2.  Weathered  limestone,  nodular,  yellow,  marly  texture;  flint  in 

lower  portion,  distinctly  separated  from  No.  1 11 

1.  Limestone,  filled  with  Fusulina  which  stand  out  on  weathered 
faces.  Many  small  and  large  flint  nodules  often  including 
the  Fusulina;  yellow  to  gray  in  color,  numerous  cavities 
lined  with  calcite.  One  solid  ledge  and  apparently  of  a  fair 
grade 3i 
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The  rock  is  exposed  at  the  mill  dam  at  Grant,  and  at  other 
points  up  the  river  into  Cass  county.  It  has  been  quarried  di- 
rectly across  the  Nodaway  from  the  Berry  opening.  No  stone 
has  been  taken  out  for  some  time,  but  there  is  an  old  face  some 
600  feet  in  length  along  the  hill-side.  The  covering  is  not  ex- 
cessive. 

PAGE  COUNTY, 

The  strata  belonging  to  the  Missouri  stage  in  Page  county 
are  composed  verj'  largelj'  of  argillaceous  beds,  varying  from 
typical  shale  to  marly  clays,  and  clayey  limestones.  Relatively 
thin  beds  of  limestone  are  found  in  most  9xposures,  alternating 
with  much  thicker  beds  of  shale  to  such  an  extent  as  to  make 
economical  quarrying  of  the  limestone  impossible. 

Two  distinct  horizons  of  Missouri  limestone  strata  are  exposed 
in  the  county,  one  along  the  East  and  West  Nodaways,  and  the 
other  principally  along  the  Middle  Tarkio  river.  Stratigraph- 
ically  the  latter  come  above  the  beds  exposed  on  the  Nodaway 
rivers,  and  are  considered  by  Calvin  to  be  the  equivalents  of  the 
limestones  quarried  at  Stennett  in  Montgomery  and  near  Mace- 
donia in  Pottawattamie  counties. 


Fio.  U— EzpoBure  at  lbs  Forbes  limestone  qut  Hawleyvllle.  Page  c( 
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Limestone  has  been  quarried  at  Coin  in  the  southern  part  of 
Lincoln  township,  and  the  same  strata  have  been  worked  at  in- 
tervals along  the  Middle  Tarkio  to  the  north  line  of  the  county. 
Li  most  places  the  outcropping  ledges  are  displaced  and  weath- 
eredy  and  a  section  of  any  .considerable  thickness  is  seldom  seen. 

A  new  quarry  opening  on  the  farm  of  Mr.  Bums  near  the 
southeast  comer  of  the  southwest  quarter  of  section  22,  Tarkio 
township,  affords  the  following  section : 

FBBT. 

6.    Drift 10 

4.    FuBulina  limestone 1 

3.  Yellow  shale 4 

2.  Limestone y  soft,  yellow I 

1.  Blue,  fine-grained,  hard  limestone,  breaking  at  right  angles  to 

bedding  planes  into  excellent  blocks  for  building  purposes. 
Fossiliferous,  and  contains  occasional  sphalerite  grains li 

Professor  Oalvin*  gives  a  comi>osite  section  from  a  number 
of  openings  in  this  same  region  and  in  section  27,  which  includes 
the  following  members,  coming  below  those  just  given: 

FBBT. 

4.  Shale 12 

3.  Limestone,  soft,  but  of  fair  quality li 

2.  Shale 3i 

1.  Limestone 2 

No.  1  is  an  excellent  stone  for  a  variety  of  purposes  and  is 
the  ledge  chiefly  sought  in  all  of  the  quarries.  It  is  durable  and 
the  most  important  building  stone  in  the  county. 

The  next  good  exposure  is  to  be  seen  in  section  18,  Douglas 
township,  on  a  small  tributary  to  the  Tarkio: 

FBBT. 

5.  Drift,  maximum  of 20 

4.  Fusulina  limestone  cap  above  quarry  ledge f 

3.  **Blue  ledge*'  lim»)stone  No.  1  of  Bums'  quarry  section 1  + 

2.  Calcareous  and  fossiliferous  bluish  shale 7 

1.    Yellow,  marly  clay,  apparently  weathered  limestone li 

As  stated,  the  ^^blue  ledge"  is  the  one  sought  at  all  of  the  nu- 
merous small  quarries  along  the  Tarkio,  the  associated  strata 
being  almost  universally  of  too  incoherent  a  nature  to  be  of 
value  for  building  purposes.  This  ledge  lies  about  eight  feet 
above  the  water  in  the  Douglas  township  exposures  while  in 

*  Geology  of  Page  county.  Iowa  Geol.  Surrey,  Vol.  XI,  p.  480. 
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Tarkio  and  Lincoln  townships  it  appears  twenty  to  thirty  feet 
above  the  stream.  Although  it  crops  out  in  both  sides  of  the  val- 
ley at  intervals  for  miles,  the  heavy  drift  covering  and  its  asso- 
ciation with  worthless  argillaceous  beds  that  require  removal, 
render  very  limited  in  extent  the  quarrying  possible  at  any  one 
plant.  From  the  natural  outcop  it  is  seldom  possible,  with  the 
present  hand  methods  of  quarrying,  to  work  back  over  twenty 
feet  before  the  overburden  becomes  too  heavy.  Locally,  how- 
ever, this  stone  has  been  and  will  continue  to  be  a  very  valuable 
resource  to  the  county. 

On  a  small  branch  of  the  East  Nodaway,  three-quarters  of  a 
mile  above  Hawleyville  in  Nebraska  township,  there  is  an  expo- 
sure of  some  magnitude,  composed  of  strata  which  lie,  geolog- 
ically, below  the  Tarkio  beds.  The  section  comprises  alternating 
bands  of  calcareous  and  argillaceous  material.  The  individual 
members  are  seldom  more  than  a  foot  in  thickness,  and  it  is  not 
probable  that  any  of  them  will  ever  possess  more  than  a  very 
limited  local  value  for  building  purposes.  Similar  beds  are  ex- 
posed below  the  mill  at  Braddyville  in  section  31,  Buchanan 
township.  At  both  localities  the  Missouri  beds  are  overlain  by 
heavy  deposits  of  loess  and  drift. 

POTTAWATTAMIE  COUNTY. 

With  the  exception  of  small  areas  near  the  eastern  edge  of  the 
county,  the  underlying  indurated  rocks  belong  to  the  Missouri 
stage  of  the  Upper  Carboniferous.  These  are  limestones  and 
shales.  In  general  they  lie  deeply  buried  beneath  the  glacial 
deposits  and  where  exposed  along  some  of  the  larger  streams, 
are  usually  overlain  with  great  depths  of  drift  and  loess. 

There  are  but  two  districts  where  Missouri  strata  are  exposed. 
In  Carson  and  Macedonia  townships,  in  the  vicinity  of  the  towns 
of  Carson  and  Macedonia,  several  small  quarries  have  been  oper- 
ated. No  stone  is,  however,  being  taken  out  at  the  present  time, 
and  all  exposures  are  greatly  obscured. 

At  the  John  Marten  quarry  near  the  northwest  comer  of 
section  23,  Macedonia  township,  the  main  quarry  beds  are  cov- 
ered with  fifteen  feet  of  marly  shales  and  weathered  fossilif er- 
ous  limestone,  above  which  are  eight  to  ten  feet  of  drift  and 
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loess.  The  layers  quarried  consist  of  three  ledges  of  gray,  com- 
pact limestone,  each  about  a  foot  thick  and  separated  by  seam^  of 
marly  material.  The  upper  layer  contains  nodules  of  dark 
chert.  Below  the  gray  stone  are  three  feet  of  a  soft,  yellow 
limestone  filled  with  Fusulina  cylindrica.  Similar  strata  were 
formerly  worked  near  the  northeast  comer  of  section  27  in  the 
Tompkins  quarry.  West  of  the  river  and  opposite  the  town 
of  Carson  in  section  3  of  Carson  township,  rock  has  been  quar- 
ried at  several  points  along  the  edge  of  the  valley.  The  follow- 
ing section  was  formerly  exposed  on  the  land  of  Mr.  David 
Snapp : 

FEET. 

7.    Drift  and  loess 20  . 

6.    Limestone,  gray,  hard,  strong,  highly  fossiliferous 6 

5.  Shale,  gray,  indurated 7 

4.  Limestone,  dark,  soft,  of  fine  and  uniform  texture,  gray  to 

black,  fossiliferous 1 

3.  Shale 6 

2.  Limestone,  dark,  impure,  fine-grained,  soft 5 

1.    Shale,  greenish  gray,  exposed 2 

All  of  the  rock  ledges  open  to  view  in  this  district  are  much 
weathered,  and  of  a  poor  grade  for  building  purposes.  These 
conditions,  along  with  the  heavy  stripping  that  would  be  re- 
quired, the  thinness  of  the  individual  usable  ledges,  and  their 
being  interbedded  with  such  large  proportions  of  worthless  ma- 
terials, are  all  unfavorable  to  the  development  of  the  quarry 
business. 

The  Missouri  limestones  have  been  quarried  at  two  other 
points  in  the  county  in  past  years;  below  the  town  of  Crescent 
in  sections  27  and  34,  and  on  Mosquito  creek,  section  21,  Garner 
township.  At  the  former  locality,  the  following  strata  outcrop 
almost  continuously  for  three-fourths  of  a  mile  at  the  base  of  the 
Missouri  river  bluflf. 

FBBT. 

6.  Loess  and  drift  up  to 100 

5.  Limestone,  yellowish  to  gray,  in  ledges  six  inches  to  one  foot 

in  thickness,  occasionally  brecciated  and  at  times  having  a 
finely  oolitic  texture 6 

4.  Shale,  yellow 2 

3.  Limestone,  yellowish  gray,  compact,  occasionally  oolitic,  fos- 

siliferous        2 
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FBBT. 

2.    Shale,  gypseoas,  highly  fossiliferous 6 

1.    Limestone,  massive  ledge,  fine-grained,  oolitio,  fossiliferous, 

exposed 3 

These  strata  afford  a  good  quality  of  building  material,  and 
lime  was  burned  here  many  years  ago.  But  the  enormous  quan- 
tity of  stripping  necessary  to  render  any  considerable  amount  of 
the  stone  available,  is  a  barrier  to  further  development  at  this 
point. 

The  Mosquito  creek  quarry  has  long  since  been  abandoned  and 
the  strata  are  very  meagerly  exposed.  Here  also  the  extremely 
heavy  overburden  renders  the  further  working  of  the  quarry 
practically  impossible. 

TAYLOR  COUNTY. 

There  seems  little  possibility  that  the  quarry  interests  of  Tay- 
lor county  will  attain  any  important  development.  The  county 
is  universally  covered  with  glacial  materials,  and  the  underlying 
strata,  where  they  do  appear,  consist  largely  of  shales  and  shaly 
limestones.  Stone  has  been  quarried  at  but  one  known  point 
in  the  county,  viz.,  at  Bedford.  It  is  fifteen  years  since  this 
quarry  was  worked  and  the  ledge  is  almost  entirely  hidden  from 
view.  The  stone  was  taken  from  about  water  level  in  East  Hun- 
dred and  Two  creek  at  a  point  100  yards  north  from  the  railroad 
station.  The  main  ledge  is  about  ten  inches  thick  and  contains 
abundant  Fusulinae.  It  splits  very  easily  and  is  said  to  go  to 
pieces  in  the  weather.  These  qualities,  along  with  the  thick 
overburden,  which  runs  twenty  to  thirty  feet,  have  prevented  its 
use. 

Thin  beds  of  limestone  have  been  exposed  in  the  banks  of  the 
Nodaway  in  the  northwest  comer  of  Dallas  township,  where  they 
occur  interstratified  with  much  greater  thicknesses  of  argilla- 
ceous strata.  A  detailed  section  may  be  found  in  Geology  of 
Page  Gov/nty.^  The  factors  just  enumerated  would  prevent  the 
utilization  of  these  beds  for  structural  purposes.  The  drift 
covering  is  more  than  ten  feet  in  thickness,  and  the  calcareous 
strata  are  of  poor  quality. 

*  Samuel  Calvin.  Iowa  Oeol.  Survey,  Vol.  XI,  p.  tt8. 


518  GEOLOGY  OF  IOWA  "QUARRY  PRODUCTS. 

The  Permian. 

In  the  vicinity  of  Fort  Dodge  in  Websrter  county  a  series  of  red 
clays  associated  with  gypsnm  occur  over  a  small  area  and  com- 
prise a  well  marked  formation.  In  the  earlier  volumes  of  the 
present  Survey  these  beds  were  referred  by  Keyes  to  the  Cre- 
taceous. The  concensus  of  opinion  at  the  present  time  favors 
Wilder  *s  reference  to  the  Permian  and  the  strata  are  so  con- 
sidered in  this  report. 

The  only  beds  sufficiently  indurated  to  merit  consideration  as 
a  possible  source  of  structural  materials  belong  to  the  gypsum 
itself.  In  the  early  history  of  the  county  quarries  were  opened 
in  the  gypsum  beds  which  outcrop  along  the  Des  Moines  river 
below  Fort  Dodge  and  the  natural  stone  was  used  for  foundation 
purposes  and  even  to  construct  the  walls  of  buildings  by  the  pio- 
neer settlers  of  the  county.  Some  of  these  old  buildings  still 
stand  and  the  walls  are  in  a  fair  state  of  repair.  It  was  soon 
found,  however,  that  the  stone  was  too  soft  and  too  easily  dis- 
solved in  meteoric  water  to  warrant  its  general  use  in  important 
structures.  At  the  present  time  while  its  use  as  a  building  stone 
has  been  abandoned  it  is  being  developed  extensively  for  the 
manufacture  of  hard  wall  plasters,  calcimines,  Plaster  of  Paris 
and  as  a  mineral  paint. 

The  Cretaceous. 

The  Cretaceous  system  is  represented  in  Iowa  by  rather 
loosely  aggregated  sandstones,  clay-shales  and  marly  limestones. 
The  sandstones  are  prevailingly  calcareous.  Occasionally  they 
are  sufficiently  indurated  to  merit  consideration  as  a  source  of 
structural  materials.  This  is  notably  true  in  Woodbury  county 
where  the  stone  was  developed  formerly  and  sold  as  "Sioux 
City  Granite."  No  commercial  quarrying  is  being  done  at  the 
present  time  on  account  of  the  excessive  overburden. 

The  calcareous  deposits  have  been  explored  to  some  extent 
but  with  slight  promise  of  future  development.  The  marl  and 
chalk  beds  attracted  some  attention  at  one  time  as  a  possible 
source  of  material  suitable  for  the  manufacture  of  Portland 
cement.    The  thinness  and  patchy  character  of  the  beds,  and 
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the  heavy  overburden  are  considered  sufficient  to  indefinitely 
postpone  the  development  of  the  beds. 

CALHOUN   COUNTY. 

Imperfectly  indurated  beds  belonging  to  the  Cretaceous  are 
known  to  outcrop  along  Lake  creek,  about  one  and  a  half  miles 
northwest  of  Lake  City.  Similar  beds  are  reported  to  outcrop 
along  the  Coon  river  in  the  southwestern  portion  of  the  county. 
Near  the  plant  of  the  Lake  City  Brick  and  Tile  Company,  the 
following  section  may  be  observed : 

FEBT. 

6.    Drift  and  wash 10 

4.     Shale,  somewhat  fissile,  grayish  blue  to  dark  blue,  dries  a  light 

gray-blue 4 

3.  Sandstone,  friable,  in  three  ledges  of  about  equal  thickness; 
the  lower  ledge  ferruginous  and  concretionary;  the  middle 
layer  unindurated,  white;  the  top  layer  stained  a  variable 

yellow 2 

2.    Shale,  clayey,  mixed,  not  laminated;  variable 7 

1.    Sandstone,  ferruginous  and  concretionary,  exposed  above  bed 

of  creek 5 

Only  the  concretionary  portions  of  the  sandsrtones  are  suffi- 
ciently indurated  for  structural  purposes.  The  clay-9hale  is 
rather  siliceous  and  might  be  used  in  the  manufacture  of  Port- 
land cement  when  blended  with  limestone  similar  to  that  exposed 
in  Humboldt  and  Pocahontas  counties.  The  heavy  overburden 
and  absence  of  transportation  facilities  detract  from  its  attrac- 
tiveness as  a  commercial  proposition.  The  analysis  of  the  clay- 
shale  is  as  follows : 

SUica 74.83 

Alumina 12.20 

Ferric  oxide 1.24 

Lime 2.22 

Magnesia 1.08 

Potash 0.32 

Soda 1.08 

Sulphur  trioxide 2.00 

Loss  on  ignition 6.15 

Moisture  at  100°C 0.58 

Total 100.70 

J.  B.  Weems,  Analyst. 
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CASS  COUNTY. 

Although  but  few  exposures  are  known,  the  gravels,  sand- 
stones, and  clays  of  the  Nishnabotna  sub-stage  of  the  Dakota 
probably  occupy  considerable  areas  in  Cass  county.  The  sand- 
stone is,  as  a  rule,  friable  and  the  grains  are  not  sufficiently 
well  cemented  to  make  it  of  value  for  building  purposes.  Di- 
rectly south  of  the  town  of  Lewis  in  section  15  of  Oass  township, 
and  to  the  east  of  the  river,  is  an  outcrop  in  which  the  sandstone 
is  of  a  fairly  firm  texture  and  from  which  large  amounts  have 
been  removed,  to  be  used  locally.  It  is  composed  largely  of  fine, 
even  grains  of  sand,  with  occasional  larger  fragments  of  lime- 
stone, partially  cemented  together  with  iron  oxide.  Small  mica 
scales  are  scattered  through  it.  While  the  stone  is  tender  and 
requires  careful  handling  on  first  exposure,  it  is  said  to  harden 
very  materially  on  drying,  and  with  age.  The  sandstone  breaks 
somewhat  irregularly,  but  as  readily  in  one  direction  as  in  an- 
other. Eight  to  twelve  feet  of  the  rock  are  exposed.  So  far  as 
known,  this  is  the  only  locality  in  the  county  where  the  Dakota 
beds  afford  a  quarry  product. 

GUTHRIE  COUNTY. 

Suitable  materials  for  building  purposes  are  to  be  had  from 
the  Cretaceous  strata,  which  supply  unlimited  quantities  of 
sandstone  and  which  are  available  over  the  western  two-thirds  of 
the  county.  These  are,  however,  fit  for  local,  rough  work  only, 
as  they  are  in  general  but  partially  consolidated  and  will  endure 
neither  much  handling  nor  shaping.  The  sandstone  has  been 
quarried  on  a  small  scale  at  many  points  in  the  county,  particu- 
larly along  the  Raccoon  and  its  branches  in  the  vicinity  of  Glen- 
don,  in  Plover  township.  Both  the  conglomerate  and  sandstone 
are  quite  commonly  employed  in  foundations  for  farm  buildings. 

POTTAWATTAMIE   COUNTY. 

Strata  belonging  to  the  Cretaceous  system  underlie  portions 
of  Pottawattamie  county  east  of  the  West  Nishnabotna  river. 
They  consist  of  beds  of  clay  and  soft,  friable  sandstone,  the  latter 
varying  in  color  from  white  to  gray  and  brown.  The  entire 
county  is  deeply  covered  with  Pleistocene  deposits  and  the  only 


PLYMOUTH  AND  WOODBURY  COUNTIES.  621 

evidence  of  the  presence  of  the  Cretaceous  comes  from  deep 
wells  <and  a  few  scattering  exposures  near  the  extreme  southeast 
comer  of  the  county. 

J.  A.  XJdden*  records  a  maximum  thickness  of  forty-two  feet 
of  Cretaceous  sandstone  occurring  in  the  northeast  quarter  of 
section  36,  Wright  township,  as  an  escarpment  over  a  quarter 
of  a  mile  in  length,  facing  the  river.  It  is  again  seen  near  the 
southeast  comer  of  section  1  of  this  same  township,  also  in 
section  28  of  Grove  township.  In  all  instances,  the  rock  is  of 
uniform  fine  texture,  but  the  grains  of  sand  are  poorly  cemented 
so  that  it  will  usually  crumble  in  the  hand.  Bedding  is  not  con- 
spicuous, great  thicknesses  appearing  as  one  continuous  ledge. 
All  the  exposures  noted  are  heavily  covered  with  glacial  deposits. 
Aside  from  being  the  source  of  local  supplies  of  good  sand, 
the  Cretaceous  sandstones  of  this  county  are  of  little  economic 
value. 

PLYMOUTH   AND   WOODBURY   COUNTIES. 

The  Cretaceous  beds  in  Plymouth  and  Woodbury  counties 
comprise  an  extensive  and  somewhat  complicated  series  of  sand- 
stones, shales  and  limestones.  The  limestones  often  present  a 
marly  facies  and  are  practically  confined  to  the  upper  portion  of 
the  Cretaceous,  the  Benton  sub-stage.  The  principal  calcareous 
member  of  the  Cretaceous  in  this  locality  was  named  The  Ino- 
ceramus  Beds  by  White.*  Later,  the  beds  were  referred  to  the 
Niobrara  division  of  Meek  and  Hayden,  but  more  recent  studies 
show  that  they  are  to  be  correlated  with  The  Green  Horn  Lime- 
stone, the  middle  division  of  the  Benton  group  as  it  is  developed 
in  the  Edgemont  quadrangle.  South  Dakota.  In  the  vicinity  of 
Sioux  City,  the  arenaceous  beds  are  highly  indurated  in  places 
and  become  quartzitic  in  character.  They  have  been  quarried  to 
a  limited  extent,  but  the  excessive  overburden  renders  any  ex- 
tensive development  of  the  beds  commercially  impossible.  The 
calcareous  beds  are  best  exposed  in  Cedar  Bluff  and  vicinity, 
near  Westfield,  and  near  LeMars.  At  all  of  the  above  places 
they  ar^  interbedded  with  shales  and  arenaceous  deposits  and 
usually  overlain  with  a  thick  deposit  of  loess  and  glacial  debris. 

*  Geology  of  Pottawattamie  county.    Iowa  Oeol.  Survey,  Vol.  XI^.  287. 
^Report  on  the  Geol.  Sunr.  of  the  State  of  Iowa,  by  Charles  A.  White,  M.  D.,  Vol.  I,  p. 
288;  Des  Moines,  1870. 
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They  attain  a  maximnm  thickness  of  abont  thirty  feet  and  are 
sufficiently  pure  to  be  used  in  the  manufacture  of  lime  and  Port- 
land cement.  The  following  partial  analyses  were  made  for  the 
Survey : 

I.         II. 

Calcium  carbonate  (CaCO,) 83.70       94.39 

Magnesium  carbonate  (MgCO,) 2.48         0.70 

I.    Chalk  rock  from  old  quarries  on  Big  Sioux  river  south  of  West- 
field,  Plymouth  county. 
II.    Chalk  rock  from  Deep  creek  northeast  of  LeMars,  southwest  quar- 
ter of  section  2,  America  township,  Plymouth  county. 

While  the  beds  were  formerly  used  in  the  manufacture  of  lime, 
the  introduction  of  cheap  limes  of  better  grade  from  other  lo- 
calities has  caused  the  abandonment  of  the  industry.  The  great 
amount  of  stripping  which  must  be  done  in  order  to  develop  the 
beds  renders  them  unavailable  under  present  conditions  for  the 
manufacture  of  Portland  cement. 

SAC   COUNTY. 

• 

Stratified  rocks  outcrop  at  but  a  single  point  within  the  con- 
fines of  the  county  so  far  as  known  at  this  time.  At  Grant  City 
the  Coon  river  impinges  strongly  against  its  south  bank  and  un- 
covers a  series  of  coarse-grained  sandstones,  clay-shales  and 
chalk  deposits,  the  assemblage  aggregating  forty  or  fifty  feet 
in  thickness  and  belonging  to  the  Cretaceous  system.  Where  ex- 
posed the  sandstone  is  not  sufficiently  indurated  to  be  useful  as  a 
structural  material.  The  clay-shades  are  of  good  quality  and  are 
used  in  a  small  way  in  the  manufacture  of  brick.  The  chalk  was 
used  formerly  for  the  manufacture  of  lime,  an  industry  which 
long  since  was  abandoned.  The  clay-shales  and  chalk  blended 
in  the  proper  proportions  would  probably  produce  a  mixture 
suitable  for  the  manufacture  of  Portland  cement.  The  small- 
ness  of  the  section  and  the  inaccessibility  of  the  beds  make 
such  use  impossible. 
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The  Pleistocene. 

The  various  drift  sheets  supply  a  great  variety  of  structural 
materials.  Practically  every  great  group  of  rocks  save  the  vol- 
canic is  represented.  The  granitoid  and  gneissoid  rocks  are  the 
predominant  types.  The  lowan  drift  area,  especially,  is  rich  in 
gigantic  red  and  gray  granites  which  have  been  and  are  being 
used  extensively  for  structural  purposes  with  excellent  results. 
The  high  cost  of  working  the  bowlders  into  shapes  suitable  for 
building  has  been  the  chief  factor  against  their  general  usage. 
In  northwestern  and  western  Iowa  bowlders  of  the  pink  to  red 
Sioux  quartzite  are  common,  but  are  usually  of  much  smaller 
size  than  the  granites  of  the  lowan. 

Acknowlediinients. 

The  writers  have  been  the  recipients  of  many  courtesies  from 
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the  commercial  quarries.  . 

The  county  reports  have  been  freely  used  and  oftentimes  with- 
out mention  in  the  text.  The  chapter  on  Cements,  as  previously 
stated,  has  been  compiled  largely  from  the  paper  by  Eckel  and 
Bain  which  appears  in  volume  XV  of  these  reports. 

Most  of  the  laboratory  work  on  limes  and  cement  materials 
was  done  by  or  under  the  immediate  direction  of  the  junior 
author  of  this  report  while  the  senior  author  assumes  the  major 
portion  of  the  responsibility  for  the  field  work. 

The  Survey  is  fortunate  in  being  able  to  include  the  chapter  on 
Power  Plants  by  Professor  Bissell,  which  will  undoubtedly 
prove  a  valuable  reference  work  for  commercial  quarrymen. 

The  special  tests  of  building  stone,  were  made  largely  under 
the  direction  of  Dean  A.  Marston. 

The  writers  have  had  the  advice  and  assistance  of  the  officials 
of  the  Survey,  especially  the  Director.  The  general  geological 
section  with  notes  prepared  by  Professor  Calvin  is  an  important 
contribution  and  aids  greatly  in  understanding  the  sequence  of 
the  various  quarry  horizons.  To  these  and  to  all  who  have  in  any 
way  facilitated  the  work  the  authors  take  this  occasion  to  ac- 
knowledge their  obligations. 
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Tests  of  Iowa   Building  Stones 


BY 


A.  MARSTON 


TESTS  OF  IOWA  BUILDING  STONES. 

The  tests  compiled  in  tables  I  to  VI  inclusive  include  those  made 
during  the  present  investigation  and  also  those  which  appear  in 
the  earlier  reports  of  the  present  Survey.  In  general  the  materials 
were  collected  by  a  member  of  the  Survey,  but  the  majority  of  the 
tests  were  made  under  the  direction  and  supervision  of  Professor 
A.  Marston,  Dean  of  the  Engineering  division  of  the  Iowa  State 
College,  Ames,  Iowa.  Tables  I  and  11  include  the  transverse  tests 
made  upon  much  larger  blocks  than  are  ordinarily  used  for  the 
purpose.  The  dimensions  and  distances  between  supports  are 
given  in  the  tables.  The  crushing  tests  recorded  in  table  III  were 
made  on  cubes  approximating  two  inches.  The  absorption  tests  of 
the  present  investigation  were  carried  through  a  much  longer 
period  than  is  usually  done  although  at  the  end  of  700  hours  the 
specimens  had  not  yet  reached  a  constant  weight.  Tables  V  and 
VI  give  the  results  of  two  investigations,  neither  of  which  was  car- 
ried far  eiiough  to  be  conclusive.  The  only  conclusion  which  can 
be  drawn  safely  is  that  twenty  freezings  and  thawings  have  no 
appreciable  effect,  either  in  decreasing  the  strength  or  in  increas- 
ing the  disintegration  of  the  materials  tested. 

In  several  of  the  tables,  tests  of  building  stone  from  other  states 
which  enter  the  Iowa  markets  in  competition  with  the  Iowa  prod- 
ucts were  included  for  comparison. 
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TABLE  I. 


TRANSVERSE  TESTS*  OF  ORIGINAL  SPECIMEN. 


Width 


1 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


4.78 

4.90 
4.82 
5.00 
7.18 
7.32 
6.96 
7.20 
7.24 
6.14 
7.22 
7.24 
6.86 
6.71 
6.50 
6.50 
6.48 
6.40 
6.40 
6.06 
6.15 
7.09 
6.08 
7.13 
6.00 
5.98 
5.98 
5.92 
5.92 
5.96 
6.20 
5.92 


6.22 
5.90 
5.92 
8.00 
7.30 
7.30 
7.47 
7.81 
7.45 
6.57. 
7.65 
7.32 


Total 
Length 


00 

o 

G 


Distance 
of  Frac- 
ture from 
Nearer 
Support 


IB 

u 


Description  of  Fracture 


6.08   24 


24 

24 

25 

22.25 

27 

27.5 

28.5 

28 

27.75 

28 

27 

28.75 


7.52 

26 

7.30 

26.5 

7.42 

26.5 

7.34 

28 

7.03 

27.5 

8.17 

27 

6.86 

24.5 

6.48 

25.5 

6.90 

25.5 

6.94 

25.5 

7.30 

25.5 

6.00 

24 

5.98 

24 

5.98 

24 

5.90 

24 

5.96 

24 

5.91 

24 

6.20 

24 

5.97 

24 

Break- 
ing 
Load  in 
Pounds 


Lbs. 
Per 

Square 
Inch 


9  Marked  by  crystals  of 

calcite 

8.5    ,  Fairly  regular 

8.75     Fairly  regular 

8.62     Very  regular 

8.5      Very  regular 

9  Very  regular 

6 . 5      Fairly  regular 

7.5      Fairly  regular 

7.5       Fairly  regular 

6  Fairly  regular 

6.5      Regular 

8 .  75     Very  regular 

7.5      Fairly  regular 

8  Fairly  regular 

8  Fairly  regular 

7.75     Fairly  regular 

8.5      Very  regular 

8.5      Fairly  regular 

8.75     Fairly  regular 

8.25     Very  regular 

8.75     Fairly  regular 

8.5      Fairly  regular 

8. 75     Very  regular 

8.5      Fairly  regular 

7.7       Fairly  regular 

9  Fairly  regular 

8.5      Fairly  regular 

8. 75     Fairly  regular 

8.25     Fairly  regular 

8.5       Fairly  regular 

8  Fairly  regular 

8.5    1  Fairly  regular 


3490 
3530 
5110 

11180 
6480 
5160 
6770 
5880 
4210 
6400 
6730 
5130 
5910 
8560 
8000 
9110 
7470 

10480 
8840 
8210 
9090 
8a50 

10940 
9390 
8940 
8620 
2550 
2720 
5080 
8180 
6100 


636 
701 
938 
735 
451 
397 
476 
390 
409 
508 
457 
406 
475 
754 
693 
802 
706 
850 
952 
909 
711 
936 
800 
1178 
1133 
1093 
337 
356 
658 
931 
791 


18  inch  supports. 


Numbers  1-5  are  dolomites  from  the  Wilkes  Williams   quarry  about  six  miles  south  of 
Postville   Iowa 

Numbers  »-14  are  from  Senator  J.  A.  Green's  quarry.  Stone  City.  Iowa. 
Numbers  15-19  are  from  the  quarry  of  Dearborn  &  Sons,  Stone  City,  Iowa. 
Numbers  20-24  were  furnished  by  the  LeClaire  Stone  Company.  Davenport.  Iowa. 

Numbers  2S-and  26  represent  blue  Bedford  oolite  and  27  and  81  buff  Bedford  stone. 

Numbers  28-30  represent  Lake  Superior  in  red  sandstone. 

Number  82  is  Cleveland  sandstone. 

The  same  numbers  are  used  in  tables  II  and  VI. 
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TABLE  n, 

TRANSVERSE  TESTS*  OF   LONGER  PIECE  OF  SPECIMEN  AFTER  FIRST 

TEST. 


c 

_  _    —  i 

S 

Lbs. 

Height 

Width 

Length 
of  Span 

m 

Per 

Square 

Inch 

«*4 

o 

Fracture 

Failure 

02    A 
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00 
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J3 

us 

S^ 

tj*»^  5 

0 
?5 

a 

h-4 

a 

1 

4.78 
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4.88 

3 

4.82 

4 

5.00 

5 

7.44 

6 

7.25 

7 

7.10 

8 

7.26 

9 

7.16 

10 

6.10 

11 

6.60 

12 

7.14 

13 

7.30 

14 

7.08 

15 

6.54 

16 

6.56 

17 

6.54 

18 

6.52 

19 

6.52 

20 

6.28 

21 

6.10 

22 

6.81 

23 

6.12 

24 

7.13 

25 

6.20 

26 

5.97 

27 

5.98 

28 

5.90 

29 

5.94 

30 

5.94 

31 

6.20 

32 

5.93 

6.12 
6.22 
5.88 
5.92 

7. as 

7.41 

7.22 

7.32 

7.80 

7.59 

6.81 

7.31 

6.53 

7.43 
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7.42 

7.58 

7.19 

8.04 

7.06 

6.55 

7.00 

7.00 

6.54 

6.00 

5.97 
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5.86  , 

5.95  I 

5.88 

6.20  ! 

5.98 

10  inch  aupporte 


10 
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10 
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Marked  by  crystals  of  calcite 

Fairly  regular 

Fairly  regular 

Very  regular 

Very  regular 

Very  regular 

Regular 

Large  calcite  crystals,  regular 

Fairly  regular 

Very  regular 

Very  regular 

Regular 

Very  regular 

Very  regular 

Very  regular 

Very  regular 

Fairly  regular 

Regular 

Fairly  regular 

Very  regular 

Fairly  regular 

Very  regular 

Regular 

Fairly  regular 

Fairly  regular 

Fairly  regular 

Fairly  regular 

Fairly  regular 

Fairly  regular 

Fairly  regular 

Fairly  regular 

Fairly  regular 


6540 
8000 
4800 
10600 
21520 
17660 
16440 
17740 
14000 
16290 
16200 
18820 
12000 
18770 
18000 
21180 
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17630 
21870 
17930 
21380 
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22CX)0 
17140 
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U9d0 
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4420 
4920 
8980 
13550 
IdOOO 
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TABLE  . 
ABSORPTION  TESTS   SHOWING 


County 

Location  of 
Quarry 

*     Kind  of  Stone 

Number  of  Hours  in  Water 

1 

8 

24 

48 

72 

144 

Dallas 

Van  Meter 

Burlington.  .  . 
Burlington.  .  . 

Williams 

Williams 

Williams 

Williams 

Williams 

Humboldt.  .  . 

Monroe 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Stone  City 

Winterset 

Oskaloosa.  . . . 

Tracy 

Red  Rock.  . . . 
Red  Rock .... 

1 

Sandstone 

Des  Moines . 

Gray  limestone  .... 

White  limestone  . . . 

Fayette  .... 

Dolomite 

4.32 
4.71 
5.18 
4.53 
4.44 

4.80 
5.22 
5.70 
5.08 
4.88 

5.12 

5  41 

5.70 
6.12 

Dolomite 

5.52   n-82 

1 

Dolomite 

5.98 

6.31 

6.68 

Dolomite 

5.33 
5.26 

5.62 
5.42 

5.92 

I^HM 

Dolomite 

5.84' 

Humboldt . . 

St.  Louis  limestone 
Sandstone 

Jasper 

Jones  

1 

Dolomite 

Dolomite 

1 
1 

Dolomite 

Dolomite 

1 

Dolomite 

10.20 
8.94 
7.62 

lO.Oti 
8.73 
9.30 
9.49 
9.32 
9.20 
6.02 
6.62 
7.58 
7.72 
7.72 

10.64 
9.38 
8.28 

10.55 
9.08 
9.72 
9.84 
9.83 
9.58 
6.38 
6.92 
7.95 
8.19 
8.36 

ii!28 

9.84 

8.72 

11.07 

9.66 

10.22 

10.42 

10.32 

10.15 

6.81 

7.30 

8.46 

8.64 

8.82 

11.67 

10.20 

9.10 

11.50 

9.98 

10.62 

10.92 

10.83 

10.67 

7.34 

7.90 

8.88 

9.23 

9.61 

12.17  

Dolomite 

10.69! 

Dolomite 

Dolomite 

9.54 

12.00  

Dolomite 

10.40 

Dolomite 

Dolomite 

11.10 

11.371 

■ 

Dolomite 

Dolomite 

Dolomite; 

Dolomite 

11.28  

10.93 

7.55 

8.08 

Dolomite 

Dolomite 

9.32 

9.59 

fl 

Dolomite 

9.73 

Madison  .  .. 

Limestone 

1 

1 

1 

Mahaska . . . 

Limestone 

1 

1 



1 

1 

Marion  . .  . . 

Limestone 

1 

1 
1 

Sandstone 

1 

1 

Sandstone i ' 

1 
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No.    IV. 

INCREASE  IN  PERCENTAGE 


Number  of  Hours  in  Water 

Authority 

Remarks 

168 

264 

336 

432 

510 

700 

Itt 
ki«wi 

4.15 

Murray 

do 
do 

C.  E.  Dept. 
do 
do 
do 
do 

Murray 

do 

do 

do 
do 

G.  S.  Morrison 
C.  E.  Dept 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Rock  Island 
Arsenal 

Murray 

do 
do 
do 

Coal  Measures 

1.87 

John  Loftus  quarry 
John  Loftus  quarry 

Mastin  &  Stems 

0.74 

6.10 
6.47 
7.18 
6.33 
6.24 

4.31 

6.45 
6.76 
7.44 
6.64 
6.57 

6.53 
6.88 
7.56 
6.72 
6.66 

6.68 
7.06 
7.77 
6.92 
6.32 

6.81 
7.16 
7.89 
7.05 
6.95 

6.88 
7.32 
8.08 
7.22 
7.15 

8.64 

1 
I 

Kemper y  Coal  Measures 

Champion    quarry,  spalls 
from  crushing  machine 

Champion  quarry 
Champion'quarry,  dressed 

cube 
Champion  quarry 
J.  A.  Green 
J.  A.  Green 
J.  A.  Green 
J.  A.  Green 
J.  A.  Green 
J.  A.  Green 
J.  A.  Green 
J.  A.  Green 
J.  A.  Green 
Dearborn  &  Sons 
Dearborn  &  Sons 
Dearborn  &  Sons 
Dearborn  <&  Sons 
Dearborn  &  Sons 

7.48 

.  .   ^.... 

9.37 

/ 

6.91 

5.45 
0.42 

13.07 

11.56 

10.39 

12.86 

11.24 

11.93 

12.30 

12.10 

11.63 

7.98 

8.43 

9.69 

10.02 

10.22 

13.62 
12.08 
10.92 
13.21 
11.57 
12.47 
12.88 

12.8:^ 

12.34 
8.40 
9.29 
10.57 
10.82 
10.92 

13.94 
12.38 
11.21 
13.57 
11.90 
12.71 
13.12 
13.08 
12.52 
8.50 
9.40 
10.73 
11.01 
11.12 

14.23 
12.61 
11.46 
13.88 
12.21 
13.0(5 
13.47 
13.36 
12.80 
8.72 
9.49 
10.93 
11.27 
11.32 

14.5014.81 
12.81  13.02 
11.62  11.93 
14.03  14.33 
12.41  12.75 
13.3013.52 
13.71  14.03 
13.6614.00 
13.0413.41 
8.88   9.14 
9.7010.06 
11.1111.44 
11.5011.83 
11.56,11.84 

3.34 

1 
1 



Bevington  quarry 
St.  Louis  limestone 

3.27 

1 

1 

Steel,  a  broken  piece 
Dunreith,  Coal  Measures 

10.82 

1 
1 

1 

10.82 

1 

i 

1 
••..'•• 

Dunreith,  Coal  Measures 
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TABLE  No.  IV- 


Countv 


Location  of 
Quarry 


Kind  of  Stone 


Number  of  Hours  in  Water 


Marshall 


Quarry i  Odlite 

Quarry '  Oolite 


Quarry, 

Quarry, 

Quarry. 

Quarry. 

Quarry, 

Quarry. 

Quarry. 

Quarry. 

Quarry 

Quarry 

Quarry 

Quarry 

Quarry 


Oolite 

Oolite 

Oolite 

Iowa  marble 
Iowa  marble 
Iowa  marble  . . 
Blue  limestone 
Limestone 
Limestone 
Limestone 
Limestone 
Blue  limestone 
Blue  limestone 


Scott 


LeClaire ,  Limestone 

LeClaire Limestone 

LeOlaire Limestone 

LeClaire i  Limestone 

LeClaire Limestone 

LeClaire Limestone 


STONE  FROM  COMPETING 


Illinois 


Joliet ,  Dolomite  , 

Lemont !  Limestone 


Indiana  . . . 


Bedford I  Oolite ' 

Bedford Blue  Oolite 3.47   3. Wi 


Bedford 
Bedford 
Bedford 


Michigan . . 


Minnesota . 


Ohio 


Lake  Superior 
Lake  Superior 
Lake  Superior 

Kasota 

\Vinona 

Pipestone 


Berea 

Cleveland. 


Blue  Oolite 3.53    3.(>8 

Buff  Oolite 4.57i  4.7(5 

Buff  Oolite 4.721  4.90 

Red  Sandstone 5.91    6 .  24 

Red  Sandstone 6.13'  6.4(5 

Red  Sandstone 4 .  79   4 .  94 


Dolomite 
Dolomite 
Quartzit^ 


3.79 
3.85 
4.95 
5.16 

6.47 
6.68 
5 .  26 


4.01 
4.07 
5.19 
5.i'5 


4.08, 
4.091 
5 .  23 
5.34 


6.92  7.06 
7.06  7.28 
5.67   5.70 


Sandstone 
Sandstone 


5.06   5.40 


5.70 


5.83   6.07 
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Continued. 


Number  of  Hours  in  Water 


168 


264 


336 


432 


510 


700 


KlOWH 


Authority 


Remarks 


7 
6 

8 
8 
8 


32| 

84' 
40 
54 

28 
88i  9 


8 
6 
8 
8 


83 
97 
72i 
31 


29|  8 


6 
9 
8 
9 


431  8 

93  7 

15  9 

84.  9 

451  9 


69 
03 
33 
02 
65 


8 
7 
9 
9 
9 


83, 
ll' 
40 

17 
77 


8 
7 
9 
9 
9 


98 
22 
53 
30 

98 


C.  E.  Dept. 
do 


do 

do 

do 

do 

do 

do 
C.  E.  Dept. 
do 
do 
do 
do 
do 
do 


Murray 
C.  E.  Dept. 

do 

do 

do 

do 


Fine    grained,    northeast 

quarry 
Fine    grained,    northeast 

quarry 
Southeast  quarry 
Southeast  quarry 
Southeast  quarry 
West  quarry 
West  quarry 
West  quarry 
Northeast  quarry 
FossiliferouB,  N.  E.  quarry 
FoBsiliferous,  N.E.  quarry 
Fossiliferous,  west  quarry 
FossiliferouB,  west  quarry 
Timber  creek 
Timber  creek 


LOCALITIES  OUrSIDE  OF  IOWA. 


4.12 
4.25 
5.51 

5.78 

7.55 
7.93 
6.43 


6.89 


4.44,  4.51 
4.56i  4.W 
5.81'  5.88 
5.951  6.11 


8.13 
8.39 

6.85 


7.08 


8.30 
8.56 
6.99 


7.52 


4.57^  4.62 
4.75|  4.80 
6.03  6.07 
6.2:3   6.28 


8.53,  8.66 
8.8O1  8.86 
7.17    7.31 


4.77 
4.95 
6.24 
6.53 

8.89! 
9.16, 
7.63! 


I 


7.63 


7.79 


8. Oil 


1.08 
1.12 

4.34 


Gilmore 
Gilmore 

Hopkins 
C.  E.  Dept. 

do 

do 

do 

do 
do 
do 


3.571  Winchell 
4.76'  Winchell 
Gilmore 


•  •  •    • 


4.76 


Gilmore 
C.  E.  Dept. 
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TABLE   No.   VI. 

FREEZING  AND  THAWING  TESTS. 


In 

JO 

a 


B 
o 

to 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


•  pN 


Is 

g.s? 

I* 


Number  of 
Freezings 


10 


20 


Remarks 


39.80 

42.54 

39.09 

41.95 

42.47 

45.90 

44.12 

47.30 

45.06 

48.28 

31.53 

36.20 

34.35 

38.82 

31.76 

35.55 

32.49 

37.15 

34. a5 

38.60 

33.85 

38.43 

34.14 

38.93 

33.51 

38.20 

32.81 

37.21 

41.98 

45.82 

39.59 

43.57 

35.11 

39.13 

35.77 

40.00 

34.45 

38.53 

35.23 

38.39 

39.22 

42.05 

39.24 

42.98 

39.26 

42.91 

S^.S-i 

38.87 

46.13 

48.33 

45.64 

47.90 

46.45 

49.35 

30.61 

33.33 

36.70 

40.06 

40.90 

43.97 

43.02 

45.40 

36.69 

39.63 

42.45 
41.84 
45.76 
47.15 
48.02 
a5.69 
38.24 
35.05 
36.74 
38.20 
37.83 
38.33 
37.48 
36.63 
45.39 
42.85 
38.44 
39.37 
37.90 
38.27 
42.04 
42.67 
42.75 
38.82 
48.05 
47.51 
49.02 
33.00 
39.60 
43.32 
45.15 
39.01 


42.39 
41.81 
45.79 
47.13 
47.96 
35.74 
38.23 
35.11 
36.71 
38.05 
37.71 
38.26 
37.70 
36.82 
45.37 
42.87 
38.57 
39.33 
37.74 
38.38 
42.18 
43 .  14 
42.58 
38.53 
48.03 
47.56 
49.03 

33. a5 
39.74 
43.40 
44.37 
39.38 


Wilkes  Williams  quarry 
Wilkes  Williams  quarry 
Wilkes  Williams  quarry 
Wilkes  Williams  quarry 
Wilkes  Williams  quarry 
J.  A.  Green  quarry 
J.  A.  Green  quarry 
J.  A.  Green  quarry 
J.  A.  Green  quarry 
J.  A.  Green  quarry 
J.  A.  Green  quarry 
J.  A.  Green  quarry 
J.  A.  Green  quarry 
J.  A.  Green  quarry 
Dearborn  &  Sons  quarry 
Dearborn  &  Sons  quarry 
Dearborn  &  Sons  quarry 
Dearborn  &  Sons  quarry 
Dearborn  &  Sons  quarry 
LeClaire  Stone  Company 
LeClaire  Stone  Company 
LeClaire  Stone  Company 
LeClaire  Stone  Company 
LeClaire  Stone  Company 
Stone  obtained  from  Fred 
Stone  obtained  from  Fred 
Stone  obtained  from  Fred 
Stone  obtained  from  Fred 
Stone  obtained  from  Fred 
Stone  obtained  from  Fred 
Stone  obtained  from  Fred 
Stone  obtained  from  Fred 


Andrews 
Andrews 
Andrews 
Andrews 
Andrews 
Andrews 
Andrews 
Andrews 
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Limestone  and   Sandstone 
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in  Scdtt  county,  293 

Anchor   coal,   analyses   of,   172 
fuel   value   of,    172 

Anderson,   A.   O.,   analyses  by,   85,   328, 
340,  361,  385,  504,  532,  536,  540 

Anderson,  J.  D.,  quarry  of,  412 

Anderson,  J.  W.,  quarry  of,  575 

Andrews,    Fred,    analyses    of    limestone 
from,  536 
tests  of  stone  from,  551,  557 

Andrews,  H.  H.,  quarry  of,  378 

Ansell,  Enoch,  quarry  of,  586 

Anthracite  coal,  cost  of  steam  from,  173 
fuel  value  of,  172 

Appanoose  county, 

Carboniferous  system  in,  464 
Des  Moines  stage  in,  560 
character  of,  464 
Chariton  conglomerate,  464 
coal    from,   analyses   of,    172, 
529 

fuel  value  of,  172 
divisions  of,  464 
lime   from,   464 
limestone    from,    analysis   of, 

531 
quarries  in,  560 

Applegate  &  Sons,  Benton  &,  quarry  of, 
578 

Arenaceo-magnesian  Beds  of  Saint  Louis 

limestone,  448,  462 
Arey,  M.  F.,  cited,  307 

work  of,  4 
Arkansas,   analysis   of   chalky   lime^ne 

from,  45 

Arlington,  quarries  at,  568 
Arquitt  &  Sons,  quarry  of,  568 
Auburn   Mills,   analyses   of   stone   from, 
271,  533,  539 
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Augusta,  lime  from,  422 

quarries  at,  421 

section  at,  404 

term  superseded,  198 
Anngst  Brothers,   quarry  of,   299 
Austin,  O.  J.,  quany  of,  573 
Avery  coal,  analysis  of,  172 

fuel  value  of,  172 

Bain,  H.   F.,  acknowledgments,  525 

cited,  195,  214,  405,  421,  475,  495, 
497 
Baldon,  W.   A.,  quarry  of,  571 
Baldwin  Bros.,  quarry  of,  579 
Ballinger,  quarry  at,  411,  575 
Barber,  A.  A.,  quany  of,  257,  565 
Barber  Asphalt  Co.,  quarry  of,  382,  562, 

571 
Bamett,  Joel,  quarry  of,  578 
Bartleftt  &  Bartlett,  quarry  of,  568 
Bartlett  &  McFarlane,  quarry  of,  561 
Baskerrille,    W.  H.,  quarry  of,  571 
Baskin  Creek,  section  on,  235 
Bates,   C.  O.,  analyses  by,   539 
Batterson  &  Cornwell,  quarry  of,  583 
Beach,  Aug.,  quarry  of,  576 
Bealer  quarries,  239,  562 
Bearings,  self -oiling,  for  engines,  175 
Beavers,  L.,  quarry  of,  572 
Becker,  J.,  quarry  of,  567 
Beckwith  Stone  &  Lime  Co.,  quarry  of, 

571 
Bedford,  analysis  of  limestone  from,  536 

quarry   at,   517 
Bedford,   Indiana,   tests  of  stone   from, 

544.  545,  551,  554,  557 
Belden  Stone  Co.,  quarry  of,  324 
Belfast,    analyses    of    shale    from,    435, 
539 
quarry   at,   433 
Bellevue,  quarries  at,  572 

section  at,  226 
Belts  for  power  plants, 
leather,  175 
rope,  175 
speed  of,  175 
Benner,  Frank,  quarry  of,  585 
Benson,  Or  en,  quarry  of,  378 
Bonton,  Applegato  &  Son,  quarry  of,  578 
Benton  county, 

Devonian  limestone  i;),  299 
Cedar  Valley  stage  in,  300.  560 

quarries  in,  300,  560 
Coggan   beds  in,   299 
lime  from,  304 
quarries  in,  299 
Wapsipinicon  stage,  560 
Benton  sub-Btago.   521 

analyses  of  rock  from,  522 
Bentonsport.  analysis  of  limestone  from. 
536 
quarries  at,  419 


Berea,  Ohio,  tests  of  stone   from,   551. 

554 
Beminghausen,  F.,  quarry  of,  586 
Berry,   B.   F.,   quarry   of,   575 
Berry,  Bichard,  quarry  of,  512 
Bess  Lime  Works,  quarry  of,  576 
Bethany   sub-stage, 

analyses,  501,  504,  505,  535 

character,   483 

divisions, 

De  Kalb  limestone,  480,  491 
Earlham    limestone,    480,    488, 
489,  498 

Fragmental  limestone,  480,  488, 
489 

Westerville  limestone,  480,  492 
Winterset    limestone,    480,    490, 
501 

in  Adair  county,  481 

in   Dallas  county,  489 

in  Decatur  county,  489 

in  Guthrie  county,  494 

in   Madison   county.   496 

Bettendorf,  analyses  of  limestone  from, 
535.    536 
quarries   at,    367,    581 

Bevington   quarry,   tests  of  stone   from, 
548,  553 

Beyer,  S.  W., 

mineral    statistics,    13 
tests   of  Iowa  limes,   91 
work  on  quarry  products,  2 
Beyer  and  Williams, 

Materials    and     Manufacture    of 

Portland  cement.  29 
quarry  products  of  Iowa,  27,  185, 
201 

Big  Rock,  quarry  at,  564,  581 
Biggs  quarry,  381,  571 
Bissell,   G.   W.,   acknowledgments,   525 
Selection    of    power    plants    and 
equipment    for    stone    quarries, 
151 
tests  of  stone  by,  395,  549 
Bitner,  J.,  quarry  of,  574 
Black  Hawk  county, 

Devonian  limestone  in,  304 
Cedar    Valley     stage     in,     304, 
561 
analyses  of  stone  from,  306. 

531 
]ime   from,  308 
quarries  in,  305,  561 
Wapsipinicon  beds  in,   304 

Blair,  cited,  79 
Bleininger,  cited,  88,  89 
Bloomfield   coal,   analysis  of,  529 
fuel  value  of,  171,  529 

Bloomington,  quarries  near,  446 
Blount,  B.,  cited,  63 
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Boilers, 

character  of,  156 

feeders,  163 

hangings  of,  163 

horse  power  of,  158,  163 

power  plants,  156 

setting  plans,  163 

size  of,  163 

specifications  for,  159 

type  of,  159 
Boland,  F.,  quarry  of,  581 
Roland  &  Phelps,  quarry  of,  574 
Bonaparte,  quarries  at,  420 
Boone  county,  coal  from, 

analyses  of,  172,  529 

fuel  value  of,  172 
Bort,  F.  A.,  quarry  of,  566 
Boawell   quarry,  section  of,  490 
^'Bottom   rock,''   464 
Boyle,  F.  T.,  quarry  of,  564 
Brainard,  quarries  at,  568 
Brandon   section,   317 
Brazil,     coal     from,     analysis     of,     179 

tests  of,  179 

Breccia 

Bethany,  483,  489,  497 

Fayette,  299,   300,  331,  347,  356, 

358,  362 
Saint   Louis,   421,   426,    429,   449, 

461 

Bremer  county, 

Devonian  limestone  in,  308 

Cedar  Valley   limestone  in,  562 
analyses  of,  309,  313,  531 
lime  from,  314 
quarries  in,  310,  562 
Wapsipinicon  limestone  in,  308 
analysis  of,  309 
quarry  in,  308 
Niagara  limestone  in,  235 
analysis   of,   236 
section  in,  235 
Brenner  &  Rice,  quarry  of,  579 
Brighton,   quarry   at,   460,   563 
British  thermal  units  of  coals,  171,  172, 

177,  178,  179,  529 
Brodfield,  Chas.,  quarry  of,  568 
Brodie  quarry,  313 
Brown,  0.  V.,  quarry  of,  578 
Brown,  M.  E.,  quarry  of,  578 
Brown  &  Co.,  quarry  of,  571 
Brown   limes,  tesrts  of,   118     * 
Brown   quarry,   section   of,   488 
Bryant,  W.  C,  quarry  of,  413,  577 
Buchan,  E.  J.,  (Juarry  of,  561 
Buchanan  county, 

Devonian  limestone  in,  314 
Cedar    Valley    limestone, 
character   of,   315 
quarries  in,  317,  562 
lime  in,  317 

38 


Buchanan  county— Continued 

Wapsipinicon   limestore  in,   314 
quarry  in,   562 
Niagara  limestone  in,  236 

Buffalo,  quarries  at,  368,  581,  587 

Building  stone  from  the 

Anamosa    phase,    562,    573,    574, 

576,  581 
Bethany  substage,  481,  487,  489 
Cedar  Valley  limestone,  299,  305, 

309,    315,    323,    332,    335,    344, 

348,    359,    362,    368,    370,    560, 

563,    569,    570,    572,    573,    579 
Chariton  conglomerate,  464 
Coggan  beds,  299,  353 
Cretaceous   system,   519,   520,   522 

Benton,    521 

Dakota,  520 

Nishnabotna,   520 
De  Kalb  limestone,  491 
Des  Moines  stage,   464,   466,   469, 

471,    475,    477,    478,    479,    480, 

560,  585,  588 
Devonian  limestone,  317,  319,  323, 

330,  362,  569 
Earlham  limestone,  483,  488,  489, 

498 
Fragmental  limestone,  483,  488 
Galena    limestone,    204,    230,   564, 

567,  568 
Gower,  234,  577 
Hopkinton,  234.  278,  562,  566-578 

572,  573 
Kinderhook  stage,   371,   372,   376, 

379,  381,  391,  399,  570,  571,  576, 

579,  581,  587 
LeClaire  limestone,  577 
Maquoketa   stage,    204,    232,    572, 

584 
Missouri  stage,  484,  485,  486,  493, 

496,    505,    507, .  513,    515,    517, 

563,    566,    567,    578,    580,    585 
Niagara  limestone,   234,   266,   270 
Oneota  limestone,  560 
Osage   stage,   401,   405,   406,   412, 

416,   420.   567,   575.   582,   587 

Burlington  beds,  402,  406,  412 

Keokuk  limestone.  404,  408,  416 

Warsaw  beds,  408,  416 
Pentamerus  limestone,  265 
Permian   system,   518 
Platteville     limestone,     204,     229, 

564 
Pleistocene  system,  525 
Prairie  du  Chien  limestone,  203 
Red    Rock    sandstone,    463,    471, 

476 
Saint  Croix  sandstone,  203 
Saint  Louis  stage,  421,  426,  433, 

446,    448,    565,    570,    572,    574, 

576,    578,   584 
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Building  stone  from  the 

Pella  beds,  424,  427,  436,  443, 
454,  460 

Springvale  beds,  423 

Verdi  beds,  423,  424,  429,  441 
Saint    Peter   sandstone,    203,    205, 

214,  585 
Sioux  quartzite,  201 
State   Quarry  beds,   299,   350 
Stennett  limestone,  508 
Wapsipinicon,  299,  314,  331,  343, 

347,    353,    368,    560,    572,    576, 

581 
Westerville   limestone,   492 
Winterset  limestone,  501 

Building  stones,  tests  of,  543 
Bull,  Andrew,  quarry  section,  426,  445 
Bull  &  Edgington,  quarry  of,  580 
Bunn   Bros.,   quarry   of,   569 
Burlington,   lime   from,   422 

quarries  near,  402,  567 

section  at,  372 

tests  of  stone  from,  546,  552 
Burlington   limestones, 

analyses  of,  413 

character  of,  401 

divisions   of,    401 

in  Des  Moines  county,  401 

in  Lee  county,  406 

in  Louisa  county,  412 

in  Van  Buren  county,  415 

Burning  of  cement  mixture,   64 
Burns  quarry,  section  of,  514 
Burrough  quarry,   245 
Busick,  Wm.  &  M.  H.,  quarry  of,  563 
Butler,  Lieut.  W.   P.,  tests  by,  548 
Butler  county, 

Devonian  limestone  in, 
character   of,  317 
quarries    in,    317 
Butlerville,  quarry   at,   399,   587 
Buxton   coal,   analyses   of,   529 

fuel  value  of,  529 
Byrne,  Thos.,  quarry  of,  568 
Byrne  &  Saul,  quarry  of,  567 

Caen  stone,  392 

analyses  of.  398,  535 
Cairo,  quarry  at,  577 
Calamus,  quarry  at,  565,  585 
Calhoun  county. 

Cretaceous  system  in,  519 

analysis  of  clay-shale  from,  519 
Portland  cement  materials  from, 

519 
section  in,  519 
California,  cement  rock  used  in,  44 
limestone  used  in,  44 

Calorific  power  of   fuels,   171,   172,   177 
Calorimeter  tests  of  Iowa  coals,  172 
Calorimetry,   see   fuel   values  * 


Calvin,   S.,   acknowledgments,   525 

cited,  24,  214.  232,  234,  264,  280, 
329,  347,  350,  356,  513,  514.  517 
Introduction  to  geology  of  quarry 
products,  185 
Cambrian  syertem,  193,  202 
Cameron  &  McManus,  quarry  of,  575 
Camp,  J.  F.,  quarry  of,  561 
Campbell,  W.  H.,  quarry  of,  566 
Candlot,  E.,  cited,  63 
*'Cap  rock,*'  in  Des  Moinee  stage,  464, 
478 
in  Galena  limestone,  223 
in   Missouri  stage,  484 

Carbon,  quarry  at,  466 
Carbon  Coal  Co.,  coal  of,  fuel  value  of, 
172 

Carbonation,  length  of  time  needed,  112 
Carbonation  of  limes,  103 

of  lime  mortars,  147 

Carboniferous  system, 

Des  Moines  stage,  463,  466,  469, 
478 

Red   Rock   sandstone,   463,   471, 
476 
Kinderhook  stage,  371,  380 
Missouri   stage,   480,   493 
Bethany  sub-stage,  480 

De  Ealb  limestone,  480,  491 
Earlham  limestone,  480,  489. 

498 
Fragmental     limestone,     480, 

489 
Westerville     limestone,     480, 

492 
Winterset  limestone,  480,  490, 
501 
Stennett  limestone,  480,  508 
Osage  stage,  400 

Burlington  beds,  401 
Keokuk  beds,  404,  407,  416 
Montrose  cherts,  404,  406 
Warsaw  beds,  406,  433,  448 
Saint  Louis  stage,  421,  448 
Arenaceo-magnesian  beds,  448 
Brecciated  limestone,  449 
Compact  and  granular  limestone* 

449 
Keosauqua  sandstone,  449 
Pella  beds,  421,  428,  443 
Springvale  beds,  421 
Verdi  beds,    121,  428 

Carey,  Thomas,  quarry  of,  254,  565 
Carpenter  quarry,  analyses  of  limestone 
from,  532 
section  of,  487 

Carpenter  quarry,  Muscatine  Co.,  364 
Carroll,  A.  L.,  quarry  of,  575 
Carson,  quarries  near,  515 
Carter,  Jeff,  quarry  of,  565 
Cary   quarry,  246 
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Cascade,  limestoDe  from,  analysis  of,  532 
quarries  at,  402,  567 
shale  from,  analysis  of,  375 
Cass  county, 

Carboniferous  system  in,  485 
Missouri  stage  in,  485 
sections  in,  485 
Cretaceous   system   in,   520 
Dakota  stage  in,  520 

Nishnabotna  sub-stage  in,  520 
character      of      sandstone 
from,   520 
Cassidy,  J.  G.,  quarry  of,  564 
Cassidy,  W.  W.  &  Co.,  quarry  of,  578 
Castalia,  quarry  at,  584 
Castle,  C.  B.,  quarry  of,  583 
Cedar   Bluff,   quarries   at,    244 
Cedar  Bluff,  Plymouth  county,  chalk  rock 

at,  521 
Cedar  county, 

Devonian   limestone  in, 
character  of,  319 
quaries  in,  319 
Niagara    limestone,    236 
Gower  stage  in,  239 
Anamosa  phase  in,  562 

qualities  of,  239 
lime  from,  247 
limestone   from,   analyses   of, 

248,  531 
quarries  in,  239,  562 

Bealer  quarries,  239,  562 
analysis    of    stone,    243, 

244,  562 
character    of   stone,    243, 

244 
equipment,  240 
horizons  of  stone,  243 
sections  of,  240 
Cedar  Falls,  quarries  at,  561 
Cedar  Rapids,  quarries  at,  354,  576 
Cedar  River  Stone  Co.  quarry,  310,  562 
Cedar  Valley,  quarry  at,  240,  562 
Cedar  Valley  limestone, 

analyses   of,   309,    313,   328,    340, 

361,  531,  534,  535 
character  of,  299 
distribution  of,  299 
general  section  of,  320,  358 
quarries    in,     550-563,     569,     570, 

572,  573,  579 
in  Benton  county,  300 
in   Black   Hawk   county,   304 
in  Bremer  county,  308 
in  Buchanan  county,  315 
in  Cerro  Gordo  county,  320 
in  Chickasaw  county,  329 
in  Fayette  county,  332 
in  Floyd  county,  332 
in  Howard  county,  344 
»  in  Johnson  county,  347 
in  Linn  county,  356 


Cedar  Valley  limestone, 

in  Mitchell  county,  356 
in  Muscatine  county,  362 
in  Scott  county,  368 
in  Worth  county,  369 
Cement  materials  from  the 
Benton  sub-stage,  522 
Burlington  limestone,  414 
Cretaceous   system,   518,   519,   522 
Devonian  shales,  298,  326 
Earlham  limestone,  498 
Green  shales,   204 
Keokuk  shales,  407 
Kinderhook  ertage,  371,  375 
Lime  Creek  shales,  326 
Maquoketa  shales,   204,   223,   227, 

271 
Osage  stage,  407,  414 
Fella  beds,  438 
Saint  Louis  limestone,  438 
Cement  mixtures,  analyses  of,  62 

calculation  of,  86 
Cement   products   classified,    25 

manufacture  of,  23 
"Cement  rock,'*  analyses  of,  43,  44,  271 
character  of^  42,  43 
occurrences   of,   43,    271 
Cementation  index,  calculation  of,  86 
Cements,  complex,  character,  33 

divisions,  34 
Cements,  hydraulic,  character,  33 

divisions,  34 
Cements,  silicate,  character,  33 
classes,  34 
divisions,  34 
Cements,  see  also  Natural  Cements,  Port- 
land cements 
Centerville  Block  coal, 

analyses   of,    172,   529 
fuel   value  of,   171,  172,   529 
Central  City,  quarry  at,  354 
Cerro  Gordo  county, 

Devonian   limestone   in,   320 
Cedar  Valley  limestone  in,  320, 
562 
*  analyses  of,  328,  532 

character  of,  320 
general   section   of,   320 
quarries  in,  323,  562 
sections  in,  323 
Lime  Creek  shales, 
character  of,  326 
Clay  Banks  section,  327 
analyses  of,  327,  538 
Mason   City   section,   328 

analyses  of,  328,  538 
Owen  beds,  326 
use  in  Poitland  cement,  326 
Chalk,  analyses  of,  522,  535 

see   also   limestones 
Chalky  limestones,   percentage   of  water 
in,  56 
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Chambers,  James,  quarry  of,  482 
Champion  quarries,  280 

tests  of  stone  from,  553 

Chandler  cliff,   section   at,  357 
Chapin,  quarry  at,  376 
Chariton,  lime  from,  476 
Chariton  conglomerate,  464 
Charles  City,  quarries  at,  431,  569 
Charles  City  Marble  Co.,  quarry  of,  341 
Chemistry  of  lime  slaking,  96 
Chequest  creek,  tests  of  ertone  from,  550 
Chicago,    Milwaukee    &    St.    Paul    By. 

quarry,  489 
Chicago,    Rock    Island   and   Pacific   By. 

quarries,  434,  460,  472 
Chickasaw,  quarry  at,  330 

Chickasaw  county, 

Devonian  system  in,  329 
Cedar  Valley  limestone  in, 
character  of,  329 
quarries  in,  330,  563 

Chillicothe,    quarries   at,   582 
Chilton,  Chas.,  quarry  of,  583 
Chimneys,  capacities  in  horse-power,  161 
kinds  of,  163 

Christopherson,  J.,  quarry  of,  573 
Church,  quarries  at,  560 
Churchman,  Mrs.,  quarry  of,  577 
Civil  Engineering  Dept.,  Iowa  State  Col- 
lege, tests  by,  544-557 
Clark  quarry,  367 

Clarke  county. 

Carboniferous  system  in,  486 
Missouri  stage  in,  486,  563 
limestone   from,   analyses    of, 

532 
quarries  in,  487,  563 
shales  from,  analyses  of,  538 

Clarksville  quarry,  317 
Clauson,  C.  C.,  analysis  by,  85 
Clay,   determination   of  hydraulic  factor 
of,  83 

Clay  Banks,  shales  at,  327  , 

Clay  in   limes,   influence  of,   97 

Clay  pits  in 

Calhoun  county, 

Lake  City  Brick  &  Tile  Co.,  519 
Cerro   Gordo  county. 

Mason  City,  328 
Dee  Moines  county, 

Cascade,  375 
Madison  county, 

Winterset   Brick   and   Tile   Co., 
503 
Sac  county. 

Grant  City,  522 

Clay  production,  by  years,  13 

classified,   16,    18 

rank  of  Iowa  in,  18 
Clays,  analysis  of,  method.  79 


Clays  and  shales, 

analyses  of,  44,  46,  79,  85,  87, 
271,  327,  328,  375,  435,  454, 
504,  519,  538 

character  of,  48 

effect  on  limes,   96 

impurities    in,    49 

origin  of,  48 

percentage  of  water  in,  56 

use  in  cements,  48 
Clayton,  section  at,  211 

Clayton  county. 

Galena  limestone  in, 

character    of,    211 

quarries,  211,  564 

lime  in,  252 
Lower  Buff  beds  in,  208 
Maquoketa  beds  in,  213 
Niagara  limestone  in,  252 
Oneota  limestone  in,  207 
Ordovician  in,  207 
Platteville  limestone  in,  211,  564 
Prairie  du  Chien  in,  208 
Saint  Peter  in,  585 
shales  from,  analyses  of,  538 

Clayton  White  Sand  Co.,  quarry  of,  585 
Clermont,   analyses  of   stone  from,   271, 
533 

Qermont  Brick  &  Tile  Co., 

analyses  of  shale  from,  539 

Cleveland,  Ohio,  tests  of  stone  from,  544, 
545,  551,  554,  557 

Climax,  quarry  at,  511 
Clinker   grinding,    69 
Clinton,  quarries  at,  253,  565 
Clinton  county, 

Hopkinton  stage  in,  564 
Niagara  limestone  in, 
character  of,  253,  254 
quarries  in,  253,  564,  585 

Coal,  analyses  of,  170.  172,  529 

calorific  power  of,  171,  172,  529 
Iowa,  character  of,   171,  172 

Coal,  calorific  value  of, 

in  producer  plant,  177 
in  E^am  plant,  177 

Coal,  consumption  of, 

electrical  power  from, 

in  producer  plant,  177,  179,  181, 

182 
in  steam  plant,  177,  179 
per  brake  horse-power,  181,  182 
per  kilo- watt  hour,  181,  182 

Coal,  cost  of,  per  brake  horse-power,  181, 
182 

per  kilo-watt  hour,  181,  182 
Coal,  cost  of  steam  from,  173 
Coal,  production  of,  by  counties,  15 

by  years,  13,  14 

rank  of  Iowa  in,  16* 
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Coal  for  burning  cement, 

actual  amount  required,  66 

analyses  of,  67 

cost  of  preparation  of,  68 

drying,  67 

pulverizing,  68 

theoretical  amount  required,  65 

water  in,  67 
Ck)al  industry,  3,  14 
Coal  Measures, 

absorption      tests     of      sandstone 
from,  553 

crushing  tests  of  limestone  from, 
546 
of  sandstone  from,  547,  549 

distribution    of,    198 

see  also  Upper  Carboniferous 

Coalville,  quarry  at,  348 
Coggan,  quarry  at,  353 
Coggan  limestone, 

analysis  of,  531 

character  of,  299,  353 

lime   from,   304 

section   of,   354 

in  Benton  county^  299 

in  Linn  county,  355 

Coin,  quarries  at,  514 
Coke,  fuel  cosrt:  of  steam  from,  173 
Cole,  Walter  B.,  work  of,  2 
Coleman,    A.    E.,    quarry   of,   587 
Colfax,  coal  from,  analysis  of,  172,  529 
fuel  value  of,  172,  529 

Colorado,  cement  rock  used  in,  44 

coal  from,  tests  of,  177 

limestone  used  for  cement  in,  44 
Colorado  stage,  beds  of,  199 
Columbus  City,  quarry  at,  577 
Columbus  Junction,  quarries  at,  577 
Combes,  M.  G.,  quarry  of,   560 
Combustion  of  fuel,  ideal  conditions  for, 

174 

Compact  and  Granular  Limestone  of 
Saint  Louis  stage,  449 

Conglomerate,  Chariton,  464 

Conrad,   quarry  at,   379,  570 

Conrad,  W.  A.,  quarry  of,  570 

Consolidated  Coal  Co.,  coal  of,  fuel  value 
of,  172 

Conway  Coal  Co.,  coal  of,  fuel  value  of, 
172 

Cook  quarries,   beds   in,   428 

Coonrod,  J.  J.,  quarry  of,  569 

Co-operative  work  of  U.  S.  Geological 
Survey  in  Iowa,  4 

Co-operative  work  with  Illinois  Geologi- 
cal Survey,  4 

Corey  Coal  Co.,  coal  of,  fuel  virtue  of, 
172 

Corning,  section  at,  484 

Comwell,  Batterson  &,  quarry  of,  583 

Coytown,  quarry  at,  562 


Craig,  G.  E.,  quarries  of,  576,  587 

tests  of  stone  from,  548 
Cream  City  Brick  and  Tile  Co.,  pit  of, 

335 
Crescent,  section  at,  516 
Cresco,  quarry  a*,   344,   572 

Cretaceous   system,    199 

.analyses,  519,  522,  535 

Benton  sub-stage,  521 
characters,  518,  520,  522 
Green  Horn  limestone,  521 

Dakota    stage,    520 

Nishnabotna  sub-stage,  520 

Inoceramus  beds,  521 

Niobrara    division,    521 

Portland  cement  materials  in,  518, 
522 

'* Sioux  City  Granite,"  518 

in   Calhoun   county,   519 

in  Cass  county,  520 

in  Guthrie  county,  520 

in  Pottawattamie  county,  520 

in  Plymouth  and  Woodbury  coun- 
ties, 521 

in  Sac  county,  522 

Crocker,  John,  quarry  of,  586 
Croft,  J.,  quarry  of,  572 
Cronin,  D.,  quarry  of,  571 
Crowe  Coal  Co.,  analysis  of  coal  of,  529 
fuel  value  of,  172,  529 

Crowley,  E.  L.,  quarry  of,  573 

Crushed  stone  from  the 

Anamosa  limestone,  240,  280,  291, 

562,  574,  576,  581 
Cedar  Valley,  310,  349,  369,  561, 

562,  563.  572 
Devonian,  299,  319,  367 
Earlham  phase,  501 
Galena,  567,  568 
Hopkinton,  565,  566,  568 
Kinderhook,  381,  391,  571,  579 
Missouri,  488,  492,  501,  566,  577, 

578 
Niagara,   240,   254,  294 
Osage,    402,    411,    419,    567,    575, 

583 
Otis   beds,   354 
Pella  beds,  456 
Platteville,   564 
Saint   Louis,   424,   433,    571,   582, 

583 
Wapsipinicon,  354,  576,  581 

Crusher  plants  in 

Bremer  county. 

Cedar  River  Stone  Go.,310 
Cedar  county, 

Bealer    quarries,    239,    562 
Cerro   Gordo   county. 

Barber  Asphalt  Co.,  562 

Northwestern     States     Portland 

Cement    Co.,    563 
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Crasher  plants  in, 

Clayton  county, 

Cassidy,  J.  G.,  564 
Clinton  county, 

Carey  quarry,  254,  565 
Decatur  county, 

Davis  City,  492,  566 
Delaware  county, 

McGlade,  M.  L.,  566 
Des  Moines  county, 

Kemper,  E.  G.,  567 

Whitaker,   P.  W.,  567 
Dubuque  county, 

Arquitt  &  Sons,  568 

Byrne  &  Saul,  567 

Dehner,  H.  L.,  567 

Eagle   Point   Lime   Woriu,   568 

Parker,  M.  E.,  567 

Siege,    Anthony,    568 
Hardin  county, 

Barber  Asphalt  Co.,  382 

Ellsworth  Stone  Co.,  381 

Ivanhoe  Quarry  Co.,  382 
Henry  county, 

Beckwith  Stone  &  Lime  Co.,  571 
Howard  county, 

Evans,  E.  E.,  572 
Jones  county. 

Dearborn  &  Sons,  574 

Erickson  &  Co.,  574 

Green  &  Sons,   280,  574 

Bonen.  J..  574 
Lee  county, 

Cameron   &  McManus,  575 

Tucker  &  McManus,  411,  575 
Linn   county, 

Mount  Vernon  quarry,  292 

Snouffer,  J.  J.,  Jr.,  354,  576 
Madison  county, 

Cassidy  &  Co.,  578 

Earlham  Land  Co.,  501,  577 

Bobertson,  S.  A.,  501,  577 

Yoke,  P.  v.,  578 
Scott  county, 

Boland,  Frank,  581 

Clark  quarry,  367 

GrommoU  quarry,  367,  581 

Leaaire    Stone    Co.,    294,    367, 
581 

Linwood  Quarry  Co.,  367,  581 

Bock  Island  Stone  Co.,  581 
Wapello  county, 

Chilton,  Chas.,  583 

Lames,  Andrew,  456,  582 

Crushing  tests  of  limestone  from 
Delaware  county, 

Hopkinton,   546 
Des  Moines  county, 

Burlington,  546 

Loftus  quarry,  546 
Fayette  county, 

Postville,   546 

Williams  quarry,  546 


Crashing  tests  of  limestone  from 
Humboldt  county, 

Humboldt,  546 
Jones  county. 

Dearborn  quarries,  547,  548 

Green  quarries,  547,  548 

Hale,  547 

Stone  City,  547,  548 
Louisa  county. 

Morning  Sun,  548 

Wilson   quarry,    548 
Madison   county, 

Bevington  quarry,  548 

Winterset,  548 
Mahaska  county, 

Given,   549 
Marion  county, 

Tracy,  443,  549 
Marshsdl   county. 

Quarry,  395,  549 
Scott  county, 

Le  Claire,  549,  550 

Thielman,  F.  H.,  549 
Van   Buren  county, 

Chequest  creek,  550 

Price  quarry,  550 
Illinois, 

Joliet,  551 

Lemont,  551 
Indiana, 

Bedford,  551 
Minnesota, 

Kasota,  551 

Winona,  551 

Crushing    tests    of    limestone    txom    the 
Bella  beds,  443 
Saint  Louis  limestone,  443,   546, 

549 
Coal  Measures,  546,  547,  549 

Crashdng  tests  of  sandstone  from 
Dallas   county. 

Van  Meter,  546 
Jasper  county, 

Monroe,  547 
Lee  county, 

Craig  quarries,   548 

West  Point,  548 
Marion  county, 

Bed  Bock,  549 
Van  Buren  county, 

Chequest  creek,   550 
Michigan, 

Lake  Superior,  551 
Ohio, 

Berea,  551 

Cleveland,  551 

Cuddebeck,  E.  M., 

quarry  of,   561 

Dakota,  lignite  from,  analysis  of,  179 
tests  of,  179 
stage,  199,  520 
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Dallas,  Texas,  analysis  of  chalky  lime- 
stone from,  45 

Dallas  county, 

Carboniferous  system  in,  464,  487 
Des  Moines  stage  in,  465 
analysis  of  coal  from,  529 

of  shale  from,  538 
characters  of,  465 
quarries  in,  465 
Missouri  stage  in,  487 
Bethany  sub-stage  in,  487 
Earlham  limestone,  488 
Fragmental  limestone,  488 
quarries  in,  488  • 
tests    of    sandstone    from,    546, 
552 

Danville,  analysis  of  shale  from,  539 
quarries  at,  585 

Davenport,  analysis  of  shale  from,  539 
quarry  at,  581 
tests  of  stone  from,  544,  545,  557 

Davenport  beds,  368 

Davis,  P.  &  I.,  quarry  section  of,  451 

Davis  City,  crusher  plant  at,  492 
quarry  at,  490.  566,  585 

Davis  county, 

analysis  of  coal  from,  529 
Carboniferous  system  in,  466 
Des  Moines  stage  in,  466 

quarries  in,  466,  565 
St.  Louis  in,   565 

Dayton,  quarry  at,  420 

Dearborn  and  Sons,  analyses  of  lime- 
stones   from,    534 

quarries  of,   283,  574 

tests  of  stone  from  544,  545,  547, 
548,   553,  557 

Decatur  county. 

Carboniferous  system  in,  489 
Missouri  stage  in,  489,  566,  585 
Bethany  sub-stage  in,  489 
De  Kalb  limestone,  491 
Earlham  limestone,  489 
Fragmental  limestone,  489 
Westerville    limestone,    492 
Winterset   limestone,  490 
sections  in,  490 

Decorah,  analyses  of  limestone  from,  537 
analysis  of  shale  from,  85 

Decorah  shale,   204 
Deeds,  C.  W.,  quarry  of,  587 
Dehner,  H.  L.,  quarry  of,  567 
De   Kalb,   quarry   at,    566 
De  Kalb  limestone.  480,  491 
Delaware  county, 

crushing  tests  of  limestone  from, 
546 

lime   in,    265 

Niagara  limestone  in,  261 


Delaware  county — Continued 

Hopkinton  stage  in,  261,  566 
Pentamerus  beds,  264 
quarries  in,  261,  265,  566 
quarry  horizons  in,  261 
Wapsipinicon    stage,    analysis    of 
limestone  from,  532 
*' Delaware '^  stage,  term  superseded,  196 
Delhi  quarries,  264 
De  Long,  J.  N.,  quarry  of,  563 
Delta,  quarries  at,  574,  586 
Demopolis,  Alabama,  analysis  of  chalky 

limestone  from,  45 
Denmark,   quarry   at,    587 
Des  Moines,  analysis  of  shale  from,  85, 
539 
Portland  cement  plant  at,  23 
quarries   at,   487 
Des  Moines  Coal  and  Mining  Co.,  coal  of, 

fuel  value  of,  171 
Des  Moines  county. 

Carboniferous  system  iif,  372,  401, 
421 
Des  Moines  stage  in, 

analyses  of  shale  from,  539 
Kinderhook  beds  in,  372 
shale  at  Cascade,  analysis  of, 
375 

suitability  for  cement,  375 
Osage  limestone  in,  567 
analysis  of,  532 
divisions  of,  401 

Bjrlington    limestone,    401 

sections  in,  402 
Keokuk  teds,  404 
Montrose  cherts,  404 
Saint  Louis  limestone  in, 
character  of,  421 
lime  from,  422 

tests  of  limestone  from,  546, 
552 
Des    Moines    river    district,    analyses    of 

coal  from,  170 
Des  Moines  stage, 

analyses  of  limestone  from,  531 
of  sandstone  from,  474,  475 
of  shales  from,  538,  539,  540 
character   of,   463,   466,   469,   470, 

476,  478,  479 
Chariton  conglomerate,  464 
conditions  during,  198 
quarries  -n,  560,  585,  588 
Red    Rock    sandstone,    463,    471, 

476 
trees,  fossil,  in,  477 
in  Appanoose  county,  464  • 

in  Dallas  county,  464 
in  Davis  county,  466 
in  Guthrie  county,  466 
in  Hardin  county,  466 
in  Iowa  county,  469 
in  Jasper  county,  470 
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Des  Moines  stage, 

in  Lucas  county,  475 
in  Marion  county,  476 
in   Marshall  county,  477 
in  Muscatine   county,   477 
in  Polk  county,  ^478 
in  Wayne  county,  479 
in  Webster  county,  479 

Devine,  Jas.,  quarry  of,  580 

Devonian  limestone, 

analyses    of,    309,    313,    328,    340, 

361,  531 
character  of,  5,  298 
correlation  of,  196 
distribution  of,  299 
divisions  of,  299 
quarries  in,  569 
unconformity  of,  197 
in  Benton  county,  299 
in  Black  Hawk  county,  304 
in  Bremer  county,  308 
in  Buchanan  county,  314 
in  Butler  county,  317 
in  Cedar  county,  319 
in  Cerro  Gordo  county,  320 
in  Chickasaw  county,  329 
in  Fayette  county,  330 
in  Floyd  county,  332 
in  Franklin  county,  342 
in  Howard  county,  343 
in  Johnson  county,  347 
in  Linn  county,  353 
in  Mitchell  county,  356 
in  Muscatine  county,  362 
in  Scott  county,  364 
in  Worth  county,  369 

Dietz  &  Harrison,  quarry  of,  575 
Dixon,  quarry  at,   581 
Dodge,  J.  A.,  tests  by,  548 
Dolomitic  limes,  character  of,  96 

slaking  of,  101 

strength  of,   105 
Donahue,  T.  J.,  quarry  of,  568 
Dooley.  John,  quarry  of,  586 
Dorland  &  Weed,  quarry  of,  569 
Douds  Leando,  quarries  at,  582 
Douglass,    quarry    at,    569 
Dredging  cement  materials,  methods  of, 
52 

Drumm,   Owen,  quarry   of,   561 

Dubuque  county, 

Niagara    limestone,    266 
analysis  of,  532 
^  Hopkinton   stage,   567,   568 

quarries  in,  267 
quarry  horizons  in,  ?^6 
Ordovician  system  in,  213 
Galena  limestone  in,  567 
analyses   of,   53 l 
character  of,  218 
Lower  Buff  beds,  217 


Dabuqne  county— Continued 
quarries  in,  217,  267 
sections  in,   218 
Maquoketa    shales   in,    223 

analysis   of,   539 
Platteville  stage  in, 

analyses   of   limestone   from^, 
532,  533 

of  shales  from,  539 
character  of,  214 
sections  in,   214,  217,  218 
Saint  Peter  sandstone  in, 
character,  of,  214 
distribution  of,  213 
Dudley,  quarry  at,  456,  582 
Dulin,  Oscar,  quarry  of,  582 
Dumont,  quarry  at,  317 
Dunreith,  tests  of  stone  from,  553 
Durham-Flagler  quarry  section,  44 J 
Duryee,  E.,  cited,  63 

Eagle  City,  section  at,  383 
Eagle  Point, 

lime   from, 

analyses  of,   118 
character   of,   122 
tests  of,  106,  123 
limestone  from,  analyses  of,  532 
Eagle  Point  Lime  Works,  quarry  of,  218, 

568 
Earlham,    analyses    of    limestone    from, 
87,  535 
quarries  at,  577 
Earlham  Land  Co.,  quarry  of,  498,  577 
Earlham   limestone,   480,    488,    489,   494, 
498 
analysis  of,  501 

East  Peru,  quarry  at,  578 

Eastman,   C.   R.,   work   of,   on    Devonian 

fishes,   5 
Eckel,  E.  C,  cited,  33,  86,  525 
Eckels'  quarry,  section  of,  420,  583 
Economizer,  in  gas  engine,  use  of,  180 
Economy,    rate    of,    in    producer    plant, 

177,   179 

Eddyville,  quarries  at,  455,  583 

Edgewood,  analyses  of  shales  from,  538 

Edgington,  Bull  &,  quarry  of,  580 

Edwards,   H.   H.,   quarry   of,   578 

Eisbeck,  P.,  quarry  of,  568 

Eldon,  quarry  at,  565 

Eldon  Coal  and  Mining  Co.,  coal  of, 

fuel   value   of,    171 
Eldora,  quarries  at,  586 

section  at,  466 

Eldora  Pipe  &  Tile  Co.,  analysis  of  shale 
from,  539 

Electrical  power,  production  of, 

by  producer  plant,  177,  182 
by  steam  plant,  177 
coal  used,  177,  182 
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Elgin,  analysis  of  stone  from,  271 
quarries  at,  569 

Elkader,   quarries   at,   564 
section  at,  212 

Elliotts  J.  W.,  tests  of  stone  by,  393 

Elliott,  quarry  at,  580 

Ellis,  G.  E.,  analyses  by,  531,  533,  535- 
540 

Ellsworth  Stone  Co.,  quarry  of,  381,  571 

Elma,  quarries  at,  347,  572 

Elrick  Junction,  quarry  at,  412 

Empire  cement  plant,  wet  methods  of  ce- 
ment manufacture,  61 

Empire  Coal  Co.,  coal  of,  fuel  value  of, 
172 

Engelfaart,  F.  6.,  quarry  of,  581 

Engineering  News,  cited,  63 

Engines  for  power  plants, 
foundations  for,  175 
power  of,  174 
proportions  of,  174 
size  of,  175 
type  of,  174 

Epworth,  quarries  at,  568 

Eriekson  &  Co.,  quarry  of,  574 

Ernest,  F.  W.,  quarry  of,  572 

Evans,  E.  E.,  quarry  of,  572 

Evanston,  quarry  at,  588 

Excavation  of  raw  material  for  cement, 
methods  and  cost  of,  50 

Excelsior  white  lime,  132,  135 

Fairbank,  quarry  at,  316,  332 

Falker-Hornbaker     quarry,     section     of, 
453 
analysis  of  stone  from,  454 

Farber,  Moses,  quarry  of,  583 

Farley,  quarry  at,  568 

Farmington,  analysis  of  limestone  from, 
536 
analyses  of  shales  from,  85,  540 
section  near,  453 

Fate,  J.  X.,  quarry  of,  580 

Fayette  county, 

Devonian    limestone   in,    330,   569 

quarries  in,  331 
Maquoketa  stage  In,  223 

analysis  of  limestone  of,  533 
analyses    of    shales    from,    271, 
539 
Niagara  limestone  in,  269,  331 
analvses  of  limestone  from,  271, 

533 
Hopkinton   stage  in,   269 

quarries  in,  270,  568 
tests    of    limestones    from,    544, 
545,  552,  557 


Feed-water  heaters,  economy  of,  164 
typee  of,  closed,  166,  168 
open,  166 

advantages  of,  166 
character   of,   167 
economy  of,  168 
features,  169 
Feller,  J.  P.,  quarry  of,  588 
Fellows,  S.  D.,  quarry  of,  582 
Fenn,  O.  O.,  quarry  of,  563 
Fertile,  quarry  at,  370 
«' Fifty-foot"  limestone,  464 
Firing,  methods  of,  169,  173 
Fisher  quarry,  section  of,   512 
Fishes,  Devonian,  work  of  C.  R.  Eastman 

on,  5 
Flagler,  Col.  D.  W.,  test  by,  548 
Flint    Brick    Co.,   coal    of,    analyses    of, 
172 
fuel  value  of,  172 
"Float  rock,"  464 
Florenceville,  section  at,  224 
Floyd,  quarry  at,  340 
Floyd  county, 

Devonian  limestone  in,  332 

Cedar  Vallev   limestone  in,   569 
character  of,  332 
lithographic    stone    from,   340 
analysis  of,  340 
quarries  in,  336,  569 
sections  in,  335 
Lime  Creek  shales  in,  332,  336 
analysis  of,  539 
Flues,  cleaning  of,  173 
Fluxes  in   Portland  cement,   72 
Forbes  limestone,  513 
Fort  Atkinson  limestone, 
character  of,  232 
quarries  in,  232 
Fort  Dodge,  analyses  of  shale  from,  85, 
540 
gypsum  at,  518 
quarries  at,  480,  584,  588 
Fort  Dodge  Pottery  Co., 

analysis  of  shale  from,  540 
Fort    Dodge    Sandstone   Co..    quarry   of, 

588 
Fossil    trees    in    Des    Moines    sandstone, 

477 
Foster's  Mill,  section  at,  369 
Fox,  Wm.,  quarry  of,  585 
Fragmental  limestone,  480,  488,  489,  494, 

497 
Franklin,  quarries  at,  435,  576 
Franklin  county, 

Carboniferous  system  in,  375 
Kinderhook  stage  in, 
character  of,  375 
quarries  in,  376 
Devonian  limeertone  in,  342 
Lime  Creek  beds  in,  342 
Owen  beds  in,  342 
quarries   in,   343 
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Frederick,  J.   H.,  quarry  of,  565 
Free,  W.  J.,  quarry  of,  583 
Freober^i  JohiiHon  &,  quarry  of,  580 
Freezing;  and  thawing;  iefitR  of  limestone 
from 

Davonport,   557 

Dcarliorii  &  Hons,  557 

Fayotto  county,  557 

Oroon,  J.  A.,  557 

JonoH  county,  557 

Lo  Clairo  Stone  (^o.,  557 

Lo  (Iraml  Quarry  Co.,  396,  566 

Marflhall  county,  556 

8ct»tt  countv,  557 

WiUiamn,  Wilkes,  557 

Be<iford,  Indiana,  557 

(Cleveland,  Ohio,  557 

Lake  Superior,  557 
Fremont  county, 

('arboniforou8  system  in,  492 
Missouri  sta(^  in,  492 
sections  in,  494 
French  quarry,  484 
Frink  quarry,  245 
Fuel,  properties  of,  170 

wettinif  of,  173 
Fuel  and   steam,  cost    of,    173 
Fuel   rw]uiremonts.   theoretioal, 

for  cement  burninjf.  64 
F^iel  value  of  coal  from 

Alabama,  177 

Anchor  ctuil.  172 

Anthracite  coal.  172 

Apjuinoose  county,  172 

Averv,   172 

BUwmfield.  529 

Boone,  172 

Boone  county.  172,  529 

BiH>ne  StrtH»t  Railway  Co,.  529 

Brai'l.  179 

Buxton.  172.  529 

Oarbon  l\uU  Co,.  172 

Conterville.  529 

i>M\tervine  C^u»l  Co,,   171.  172 

CVlfax.  172.  529 

iVlorado,  177 

i\»nsolid»ttHl    Ci^l    Co..    172 

Couwav  i\vHl  Co,,  172 

Cort\v  \\»al  Co,.   172 

l>\me  C^^l  iV,.  172,  52i> 

I'hivis  covmtv,  529 

l\^    Moint-!*^   CiVHl   Co,,    171 

KKion  C^vHl  Co..   171 

Kmvirx^  iVal  Co.,  172 

KUnt    Brick  Co..   172 

iiiK^vn  CvvhI  iV..   172 

lU>«ps  ami  Crv>we,  172 

BvHk'ii:  Yh'U V  C.KHl  Co.,  171 
lUi-v>is,    Kl.   179 
IihIihu   lVrri;or\\    177 


Fuel  value  of  coal  from 

Indiana,  177,   179 

Inland  Fuel  Co.,  172 

Iowa,   178 

Jasper  county,  172,  529 

Jasper  County  Coal  Co.,  172 

Johnson  Goal  Co.,  172 

Kalo,  171 

Kentucky.    177,   179 

Laddsdale,   171,  530 

Lehigh,    172 

Lodwick  Bros.  Coal  Co.,  172 

Lucas  countv,  172 

Lumsden  Coal  Co.,,  171 

Mammoth  vein  coal,  172 

Marion    county,    172 

MarquisviJle,  171,   172,  529 

Missouri,  177 

Monroe  county,  529 

Mystic,  172.  529 

Norwoodville,  172 

Pekay,  171,  530 

Piatt    Brick    Co.,    172 

Polk  couttty,  172,  529 

Rogers  Coal  Co.,  172 

Roseland  coal,   172 

Smoky  Hollow  coal,  172 

Spring  Valley,  111.,  171 

Van  Meter,  i72 

Wapello  county,  530 

West  Virginia,  171,  177,  179 

Whitebreast   Coal   Co.,   171 

WUlard,  172 

Wyoming.  177,  179 
Fusulina  limestone,  497.  517 

Gable.  W.  H..  quarry  of,  360 

Galena  stage,  194 

analyses  of  limestone  from.  532 

character  of,  204 

quarries  in,  564,  567,  568 

in  Allamakee  county.  207 

in  Clayton  county,  211 

in  Dubuque  county.  217 

in  Jackson  county.  226 

in  Winneshiek  county.  230 

Gallands,  quanr  at,  575 

Gambril.  quarry  at.  5S1 

Ganien,  Hartsham  &,  quarry  of.  579 

Garnavillo.  quarries  at,  5^.  585 

Garrisini.  quarries  at.  303.  560 

Garwiii.  guarry  at,  5>1,  587 

Ga$«  natural,  u^e  of.  in  burning  cement, 
t56 

Gas  en^ne  {H>wer  for  quarries,  176 
tests  of  fuel'?  for.   177 

Gavther.   Kd..  qiiarrv  of.  569 

*'G^t^t,''  2o4 

Geiuna.  vmarry  r^r,  37S 

Ot'o!oi:iv*»!  <tvtion  of  Iowa.  193 

Gertriiu  Pv^rtUj-vi  cement,  slag  used  in.  48 

Gi'ci<oc.  Oei^»,.  quarry  of,  5>5 
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Gibson  Coal  Mining  Co.,  coal  of,  analy- 
sis of.  172 
fuel  value  of,  172 

Gifford,  section  at,  384 
Gilbert,  W..  cited,  63 
GiUan    &   Honghtaling,    qnarry    of,    561 
Gilmore,  Gen.  Q.  A.,  testis  by,  551,  555 
GUmore,  analysis  of  limestone  from,  533 
quarries  at,  445,  580 

Gipple,  G.  J.,  quarry  of,  414 
Girthoffer,  J.  O.,  quarry  of,  563 
Given,   quarry  at,   578 

tests  of  stone  from,  540 

Glendon,  analysis  of  shale  from,  85,  539 
quarries  alt,  520 

Gordon,  C.  H.,  cited,  416,  433,  448 
Gower  limestone, 

analyses   of,    243,    244,    248,   531, 
534 

character  of,  234,  293 

divisions    of,    234 

lime  from,  247 

quarries  in,  239,  278,  577 

in  Cedar  county,  239 

in  Johnson   county,   277 

in  Jones  county,  278 

in  Linn  county,  291 

in  Scott  county,  293 

Graf,  analysis  of  shale  from,  539 
Graham,  W.  H.,  quarry  of,  575 
Grand  Mound,  quarries  at,  565 
Grand  River,  quarry  at,  566 
Graner,  Chas.,  quarry  of,  576 
Graner,  Henry,  quarry  of,  435,  576 
Granite  Brick  Co.,  analysis  of  shale  of, 
375 

Granites,   from  lowan   drift,   525 
Grant,  quarry  near,  512 
Grant   City,   section   at,   522 
Grartes  for  boilers,  158 
Gray,  J.  E.,  quarry  of,  415,  577 
Green,  A.  H.,  quarry  of,  565 
Green,  L.  D.,  quarry  of,  579 
Green  and  Sons, 

analyses  of  stone,  534 

quarries  of.. 280,  574 

teats  of  stone  from,  544,  547,  548, 
553,  557 

Green  Horn  limestone,  521 
Green   shales,  204 

fossils   of,   195 

in  Allamakee  county,  207 

in  Clayton  county,  211 

in    Dubuque  county,   214,   217 

Greene,  R.  N.,  quarry  of,  582 
Greene   county,    analysis   of   coal   from, 
529 

Grieves,  H.,  quarry  of,  586 
Grommoll    Stone    Co.,    quarry    of,    367, 
581 


Grundy  county, 

Carboniferous   system   in,   379 
Eanderhook    limestone    in,    379, 
570 

Conrad  quarry,  379,  570 
Gustafson,  J.  F.,  quarry  of,  588 
Guthrie  Center,  analysis  of  shale  from, 

539 
Guthrie  county, 

analysis  of  coal  from,  529 

of   shales   from.   539 
Carboniferous  system  in,  466,  494 
Des  Moines  ^ge  in,  466 
Panora,   quarry   at,  466 
Missouri  stage  in,  494 
Bethany  sub-stage  in,  494 
Earlham  limestone,  494 
Fragmental  limestone,  494 
Winterset   limestone,   494 
section  in,  495 
Cretaceous  system  in,  520 
quarries  in,  520 
Guttenberg,  quarries  at,  564 

section  at,  212 
Gypsum,  addition  of,  to  Portland  Cement, 

70 
Gypsum  beds  of  Permian,  518 

age  of,  199 
Gypsum  production  by  years,  13 
classified,  21 

diagrams  showing  production,   19, 
20 

Hale,  quarry  at,  290,  573 

tests  of  stone  from,  547 
Hall,  Fetter,  quarry  of,  587 
Hall,  J.  A.,  quarry  of,  577 
Hall,  James,  cited,   195 
Hall,  Squire,  quarry  of,  587 
Hallman,  John,  quarry  of,  344,  572 
Hamilton  county. 

Carboniferous   system   in,   422 
Saint  Louis  limestone  in,   442, 
570 
analysis    of    limestone    from, 

533 
quarries  in  422,  570 
Hammer,  Fred,  quarry  of,  576 
Hampton,  quarry  at,  377 
Hannibal,  Mo., 

use  of  Kinderhook  shales  for  ce- 
ment a;t,  375 
Hanshaw,  G.,  quarry  of,  582 
Hardin  county. 

Carboniferous  system  in,  380,  466 
Kinderhook  limestone  in,  570 
character  of,  380,  382 
quarries  in,  381,  570 
sections   in,    380 
Des  Moines  stage  in,  466,  586 
analysis  of  shale  from,  539 
quarries  in,  469,  586 
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Harmon,  C.  K.,  quarry  of,  561 
Harpers  Ferry,  quarry  at,  560 
Harrison  &  Dietz,  quarry  of,  575 

Harrison  county. 

Carboniferous  system  in,  495  , 

Missouri  stage  in,  495 
Logan,  quarry  at,  496 

Hartman,  W.  A.,  quarry  of,  578 
Hartong,  John  M.,  quarry  of,  560 
Hartsham  &  Garden,  quarry  of,  579 
Hartwig,  A.,  quarry  of,  573 
Hartzell,  P.  R.,  quarry  of,  567 
Harvey,  A.  E.,  quarry  of,  588 

Harvey,  cement  materials  at,  2,  23,  438 
quariy  near,  442 

Hawarden,    analysis   of   limestone   from, 
536 

HawleyviUe,  section  near,  515 
Hay  den,  Meek  and,  cited,  521 
Hayes,  Wm.,  quarry  of,  583 
Haynes  Bros.,  quarry  of,  570 
Hazelton,  Niagara  limestone  at,  236 
Heaps  and  Crowe,  coal  of,  analysis  of, 
172 
fuel  value  of,  172 

Heat,  losses  of,  in  burning  cement,  65 
Hecht   quarry,    246 
Hedrick,  quarries  at,  575 
Heitzman,  F.,  quarry  of,  568 
Helmes,  R.  W.,  quarry  of,  569 
Hendrickson,  L.  P.,  quarry  of,  579 
Henning,  G.  M.,  quarry  of,  472 

Henry  county, 

Carboniferous  system  in,  423 
Osage  limestone  in,  423 
Saint   Louis    limestone   in,   423, 
571 
lime  from,  425 
Springvale  beds,  423 
Verdi   beds,   424 

Henton,  quarry  at,  506 
Herwehe,  A.,  quarry  section  of,  473 
Hicks,  J.  M.,  quarry  of,  568 
Higgins,  L.,  lest  by,  549 
High-calcium,  white  limes,  tests,   107 
Hillsdale,  quarry  at,  433 

Hilton  coal,  analysis  of,  529 
fuel  value  of,  171,  529 

Hocking  coal,  analysis  of,  529 
fuel  value  of,  529 

Hocking  Valley  Coal   Co.,  coal  of,   fuel 
value  of,  171 

Hodge  &  McElroy,  quarry  of,  570 

Hoen,  A.  B.,  analysis  by,  535 

Hoolik,  Jos.,  quarry  of,  576 

Hopkinton,  quarries  at,  566 

tests  of  stone  from,  546,  555 

''Hopkinton,''  use  of  term,  196 


Hopkinton  limestone, 

analyses  of,  236,  271,  533 

character  of,  234,  273 

general  section  of,  234 

lime  from,  266,  277 

quarries    in,    261,    270,    273,    562, 
564,  566,  568,  572,  573 

in  Bremer  county,  235 

in  Fayette  county,  269 

in  Jackson  county,  273 

in  Jones  county,  278 

in  Linn  county,  291 
Hombaker  quarry,  section  of,  453 
Horse-power,   capacities  of  chimneys  in, 

161 
Houghtaling  &  Gillan,  quarry  of,  561 
Houghton,  L.   L.,  quarry   of,  581 

Howard  county, 

Devonian  limestone  in,  343,  572 
lime  from,  347 
quarries  in,  343,  572 
Galena-Platteville  in,  224 
Maquoketa  stage  in,  224 
Wapsipinicon  limestone  in,  572 
Hudson   River   shales,   195 
Huehl,  F.  C,  quarry  of,  258 
Humboldt,   analyses   of   limestone   from, 
533 
quarries  at,  426,  572 
sections  at,  384,  425 
tests  of  stone  from,  546,  552 

Humboldt  county. 

Carboniferous  system  in,  384,  425 
Kinderhook  limestone  in,  572 

absorption  tests  of,  552 

analyses  of,  385,  533 

lime  from,  386 

quarry  in,  572 

sections  in,  385 
Saint  Louis  limestone  in,  425 

analysis  of,  533 

crushing  tests  of,   546 

quarries  in,  425 

Humston,  J.  H.,  quarry  of,  583 
Hurst  and  Co.,  lime  of,  132,  135 

quarry  of,  274,  573 
Hutchinson,  E.  P.,  quarry  of,  573 
Hutchinson,  G.  W.,  quarry  of,  581 
Hydrated  limes,  advantages  of,  103 

character  of,  102 
Hydraulic  cements,  analyses,  99 
Hydraulic  factor  in  clays,  determination 

of,  83 
Hydraulic  limes,  definition,  34 
Hydraulicity,  cause  of,  98 
Hyler,  C.  G.,  quarry  of,  572 

niinois, 

coal  from,  analyses  of,  179 

tests  of,  177,  179 
limestone  from,  tests  of,  551,  554 
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Illinois    Geological    Survey,    co-operative 

work  with,  4 
Indei>eiideiice,      analysis      of      limestone 

from,  532 
quarry   at,   314 

Indian  Territory,  coal  from,  tests  of,  177 
Indiana, 

coal  from,  analyses  of,  179 

tests  of.  177,  179 
oolite  from,  tests  of,  544,  545,  551, 
554.  557 
Ingle,  J.,  quarry  of,  575 
Inland  Fuel  Co.,  coal  of,  analysis  of,  172 
fuel  value  of,  172 

Inoceramus  beds,   199,  521 
Inspection  and  tes^s  of  boilers,  160 

Interstate  Development  Co.,  quarries  of, 
339 

Iowa  building  stones,  tests  of,  543 
Iowa  caen  stone,  392 

analyses  of,  398,  535 

Iowa   City,   analysis   of   limestone   from, 
534 
quarries  at,  348,  573 

Iowa   coals,   analyses   of,   170,    172,    178, 

529 
calorific  power  of,   171,   172,   178, 

529  , 
character  of,  171,  172 

Iowa  countv, 

Carboniferous  system  in,  469  j 

Des  Moines  sandstone  in,  469 
Amana    Society,    quarries    of, 

469 
character  of,  470  | 

Iowa  Falls,  quarries  at,  571  | 

section  at,  380  j 

Iowa    limestone    quarries,    directory    of,  I 
559 

Iowa  marble,  392 

analyses   of,   398 
tests  of,  395,  549,  554 

Iowa  Paint  Company  quarry,  300 

Iowa    Portland    Cement    Co.,    quarry    of, 
498 

Iowa    sandstone    quarries,    directory    of, 
585 

lowan  bowlders,    building     stone     from, 
525 

Iron,  effect  of,  on  Portland  cement,  72 

in    cement   mixture,    effect   of,   on 

burning,  67 
in  clays,   determination  of,  80 
in  limestone,  determination  of,  77 

Iron  ore,  plant  for  washing,  22 
Ishman,  J.  L.,  quarry  of,  569 
Isotelus  zone,  in  Winneshiek  county,  231 
Ivanhoe  Quarry  Co.,  quarry  of,  382 


Jackson  county. 

Maquoketa  stage  in.  226.  572 
Niagara  series  in.  227,  273 
Hopkinton  stage  in,  273,  572 
analyses    of    limestone    from, 

533 
character  of,  273 
quarries  in,  273,  572 
Platteville  limestone  in,  225 

Jasper  county, 

Carboniferous  system  in.  470 
Des  Moines  stage  in,  470,  586 
coal    from,   analysis   of,   172. 
529 

fuel  value  of,  172 
quarries  in,  471,  586 
Bed  Rock  sandstone,  471 
analyses  of,  474,  475 
area,  472 
character,  475 
mineral  paint  from,  474 
quarries  in,  472 
tests  of,  547,  552 

Jasper  County  Coal  and  Mining  Co.,  coal 
of,  fuel  value  of,  172 

Jefferson  county. 

Carboniferous  system  in,  426 
Saint  Louis  limestone  in.  426 
sections  in.  427 

Jesup,  section  at.  316 

Johnson.  S.  A.,  quarry  of.  563 

Johnson  &  Freeberg,  quarry  of,  580 

Johnson  Coal  Co.,  coal  of,  analyses  of, 
172 

Johnson  county, 

Anamosa  phase  in,  277 

Cedar  Valley  stage  in,  347,  573 

analysis  of  limestone  from,  534 

quarries  in,  348,  573 
Gower  limestone  in,  277 
Le  Claire  limestone  in,  277 
lime  in,  353 

Niagara  limestone  in,  277 
State  Quarry  limestone  in,  350 
Wapsipinicon   limestone   in,  347 

Joiner  &  Son.  lime  of,  132.  135 
quarry  of,   573 

Joliet.     Illinois,    tests    of    stone    from, 

551,  554 
Jones,  J.  H.,  quarry  of,  577 

Jones,  Wm.,  quarry  of,  585 

Jones  county, 

Niagara   limestone   in,   277 
Gower  stage  in,  277,  534 
Anamosa  dolomite,  277,  573 
analyses  of,  534 
character  of,  279 
quarries  in,  280,  573 
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Jonea  county — Continued 

Anamosa  district,  284 
Stone  City  district,  280 
tests  of,  544,  545,  547,  552, 
557 
Hopkinton  stage  in,  277.  278 
Le  Claire  beds  in,  277 
lime  in,  290 
Judge,  A.  E.,  quarry  of,  587 
Judy,  Henry,  quarry  of,  576 
Julian,  quarry  at,  568 

Kaarde,  Nelis,  quarry  of,  564 
Kalo,  coal  from,  fuel  value  of,  171 

shale  from,  analysis  of,  540 
Kansas,  coal  from,  analysis  of,  179 

tests  of,   179 

petroleum  from,  fuel  value  of,  172 

Kasota,  Minnesota,  tests  of  stone  from, 
551,  554 

Keams,  H.  W.,  quarry  of,  560 
Keffeler,  D.,  quarry  of,  560 
Keil,  John,  quarry  of,  572 
Keith,  E.  L.,  quarry  of,  576 
Kellogg,  quarry  at,  472 
Kelly,  Peter,  quarry  of,  575,  587 
Kemper,  E.  G.,  quarry  of,  473,  567 
test  of  stone  from,  553 

Kennedy,  J.  P.,  quarry  of,  587 
Kennedy  &  Wardlow,  quarry  of,  576 
Kentucky,  coal  from,  analysis  of,  179 

tests  of,  177,  179 
Keokuk,  quarries  at,  408,  575,  587 

Keokuk  beds, 

character,  404,  407,  416 

geode  beds,   407 

in  Des  Moines  county,  404 

in  Lee  county,  407 

in   Van  Buren  county,  415 

Keokuk  county. 

Carboniferous  system  in,  405,  428 
Des  Moines  stage  in,  586 
analysis  of  coal  from,  529 
quarry  in,  586 
Osage  limestone  in,  405 
Saint  Louis  limestone  in,  428 
Springvale  beds,  428,  574 
Verdi  beds,  428 
characters,  429 
sections  in,  429 

Keosauqua,   analysis   of   limestone   from, 
536 
quarries  at,  582,  587 

Keosauqua  sandstone,  449 

Kepner,  G.  M.,  quarry  of,  588 

Keyes,  C.  R.,  cited,  372,  433,  518 

Kiefer,  A.  B.,  quarry  of,  562 

Kilns,  burning,  for  cement  manufacture, 

63,   64 
Kilns,   drying,   for  cement   materials,   57 


Kinderhook  stage, 

analyses  of,  375,  385,  398,  533,  535 

cement  materials  from,  371,  375 

character  of  beds,  371,  380 

divisions  of,  371 

fauna  of,  197 

LeGrand  beds,  388 

quarries  in,  391,  570,  571,  576,  579, 

581,  587 
section  of,  380 
in  Des  Moines  county,  372 
in   Franklin   county,   375 
in  Grundy  county,  379 
in  Hardin  county,  380 
in  Humboldt  county,  38^ 
in   Marshall  county,   386 
in  Tama  county,  398 
in  Washington  county,  400 

Knight,  Dr.  N.,  analyses  by,  248,  531 

Knotts,  A.  E.,  quarry  of,  583 

Koealner,  Geo.,  quarry  of,  567 

Kofaler,  Geo.,  quarry  of,  564 

Kramer,  A.  W.,  quarry  of,  584 

Kregel,  E.  W.  &  H.  D.,  quarry  of,  564, 
585 

Kress,  John,  quarry  of,  587 

Kuehl,  Aug.,  quarry  of,  565 

Kuhnle,  G.  W.,  quarry  of,  569 

Kuppinger  Bros.,  quarry  of,  323,  562 

Laddsdale  coal,  analysis  of,  530 
fuel  value  of,  171,  530 

Lafferty,  J.  A.,  quarry  of,  455,  583 
Lahne,  Eck,  quarry  of,  560 

Lake  City,  analysis  of  shale  from,  519 
section   at,   519 

Lake  Superior,  tests  of  sandstone  from, 
544,  545,  551,  554,  557 

Lames,  Andrew,  quarry  of,  456,  582 
Lamoni,   sections   near,   490 
Lamp  black,  fuel  value  of,  172 
Lanphier,  E.  E.,  quarry  of,  473,  586 
Lansing,  quarries  at,  560 
Laporte,  quarries  at,  307,  561 
**La  Porte  sandstone,"  306 
Lawrence,  Jas.,  quarry  of,  573 
Layton,  L.  L.,  quarry  of,  563 
Lead  and  Zinc,  prices  of,  21,  22 
production  of,  13,  22 

LeClaire  limestone, 

character  of,  235,  293 
lime  from,  235,  247,  290 
quarries  in,  577 
in  Cedar  county,  246 
in  Johnson  county,  277 
in  Jones  county,  290 
in  Linn  county,  291 
in  Scott  county,  293 
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LeOlaire  Stone  Co., 

analyses  of  stone  from,  535,  536, 

539 
quarries  of,  294,  367,  581 
tests  of  stone  from,  544,  545,  549, 
554,  557 
Lee.  Chas..  quarry  of,  564 
Lee,  W.  E.,  quarry  of,  566 
Lee  county. 

Carboniferous  system  in,  406,  430 
analyses  of  shale  from,  435,  539 
Osage  limestone  in,  575,  587 
Burlington  limestone  in,  406 
Keokuk  beds, 
characters,  407 
goede  beds,  407 
Warsaw    beds,    408 
sections  in,  408 
Saint   Louis  limestone  in,  430 
divisions,  433 
lime  from,  435 
sections  in,  433 
tests  of  sandstone  from,  548 
LeGrand  limestone, 

analyses  of,  398,  535 
character  of  beds,  388 
quarries  in,  391,  579 
sections  in,  387,  399,  400 
tests  of  stone,  393,  549,  554,  556 
in  Marshall  county,  387 
in   Tama  county,  398 

LeGrand    Quarry    Co.,    quarry    of,    387, 
391,  579 

tests  of  stone  from,  395,  556 
Lehigh,  coal  from,  analysis  of,  530 

fuel  value  of,  172 

Lehigh,  quarry  at,  588 

Lehigh    Clay    Works,    analysis    of    shale 
from,   540 

Lehigh    district,    Penn.,    analyses    of    ce- 
ment materials  from,  43 

Le  Mars,  analysis  of  chalk  from,  535 
chalk  rock  near,  521 

Lemont,    Illinois,    tests    of    stone    from, 
551,  554 

Lenses,  sandstone,  in  Des  Moines  stage, 
463,  465,  471,  476 

Leslie,  R.  W.,  cited,  63 
Lewis,  F.  H.,  cited,  63 
Lewis,  quarries  near,  486,  520 
Lewis  lime  quarry,  360 
Light,  H.  P.,  quarry  of,  580 
Lignite,   Dakota,  analysis  of,   179 
tests  of,  179 

Lime,  addition  of  sand  to,  purposes,  104 
air-slacking  of,   100 
analyses    of,    107,    116,    118,    127, 

132,  142 
argillaceous    and    siliceous,    action 

of,  96 
''burnt,''  101 


Lime 


carbonation  of,  103 

composition  of,  95 

deterioration  of,  prevention  of,  102 
Lime,  dolomitic,  slaking  of,  101 

strength  of,  106,  109,  119,  150 

water  required  to  slake,  150 
Lime,  ''drowned,"  101 
Lime,  effect  of  percentages  of  water  on, 
106-150 

effect  of  sand-lime  ratios  on.  106- 

150 
expansion  in  slaking,  101 

from   Eagle   Point,   118,   122,   123 
from  Maquoketa,  106,  132,  133 
from   Mason   City,   107,   108,   110, 

122,  127,  131 
from  Springfield,  Mo.,  116 
from  Viola,  106,  142,  143 
Lime  from  the 

Benton,  522 

Bethany,  492,  505 

Cedar  Valley  limestone,  308,  314, 

361,   371 
Coggan  beds,  304 
Cretaceous,  522 
Des  Moines,  464,  476 
Devonian  limestone,  234,  304,  317, 

347,  368,  371 
Galena  Platteville,  218,  233,  252 
Gower  limestone,  248 
Hopkinton   limestone,   277 
Kinderhook,  386,  400 
LeClaire  limestone,  235,  247,  251, 

290,   292 
Niagara  limestone,  233,  236,  247, 

266,  277,  290,  314,  317 
Oneota  limestone,  233 
Osage,  403,  422 
Pella  beds,  436 
Saint  Louis,  422,  425,  435,  444 

Lime,  function  of,  in  mortar,  105 

high  calcium,  strength  of,  105,  109, 

110,   150 

white,  tests  of,  107 
hydraulic,  definition,  34 

strength   of,   104 
in   cement   mixture,   effect   of,   on 

burning,  67 

Lime  in 

Appanoose  county,  464 
Benton   county,   304 
Black  Hawk  county,  308 
Bremer  county,  236,  314 
Buchanan   county,   317 
Cedar  county,  247 
Clayton   county,   252 
Decatur  county,  492 
Delaware  county,  265 
Des  Moines  county,  403,  422 
Dubuque  county,  218 
Floyd  county,  342 
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Lime  in 

Henry  county,  425 
Howard  county,  347 
Humboldt  county,  386 
Jackson  county,  277 
Johnson  county,  353 
.Tones  county,  290 
Lee  county,  435 
Linn  county,  292 
Lucas  county,  476 
Madison  county,   505 
Mahaska   county,   436 
Marion  county,  444 
Mitchell   county,   361 
Plymouth  county,  522 
Pottawattamie  county,  517 
Sac  county,  522 
Scott  county,  368 
Tama  county,  400 
Winneshiek  county,  233 
Worth  county,  371 
Lime,  Iowa,  physicial  tests  of,  91 

magnesian  and  dolomitic,  tests  of, 

118 
Ohio,  tensile  strength  tests  of,  109 
production   of,   18 
proportion  of,  in  mortar,  105,  149 
reaction   with    silica,    104 
setting  and  hardening  of,  103 
slaking   of,    99 
specific  gravity  X)f,  103 
tensile  strength  of,  109-150 
water  required  to  slake,  150 
white,  shrinkage  of,  105 

slaking   of,  *  101 

versus  argillaceous  and  siliceous, 
96 

versus  brown,  96 
Lime  carbonate  in  limestones,  determina- 
tion of,  78 
Lime-cement  series,  distinctions  of,  98 
Lime  City,  section  at,  251 
Lime  Creek  shales,  197 

analyses  of,  327,  328,  538,  539 
character  of,  326 
Owen  beds,  326,  342 
in  Cerro  Gordo  county,  326 
in  Floyd  county,  332,  336 
in    Franklin    county,    342 
Lime  hydrates,  specific  gravity  of,   103, 

149 
Lime  mortars,  tests  of,  106 

uses  of,  104 
Lime    silicate,    effect    of,    on    Portland 

cement,  71 
Limestone,  analyses  of,  from  the 
Anamosa,    534,   536 
Bethany,  535 
Cedar  Valley,  122,  531,  532,  534, 

535 
Coggan,  531 
Cretaceous,  522,  535,  536 


Linaestone,  analyses  of,  from  the 
Des  Moines,  531 
Devonian,  107,  306,  309,  313,  328. 

340,  361,  531 
Earlham,  501 
Galena,  118,  532,  537 
Gower,  531,  534,  536 
Hopkinton,  132,  533 
Kinderhook,  385,  398,  533,  535 
Lower   Davenport,  531 
Maquoketa,  533 
Missouri,  532,  535,  536 
Niagara,  236,  243,  244,  248,  271, 

fi81,  532 
Ordovician,  271 
Osage,  413,  532 
Otis,  531 
Pella,  443 

Platteville,  532,  533 
Saint   Louis,    443,    445,    454,    533. 

535,  536,  537 
Wapsipinicon,  531,  532,  535,  536 

Limestone,  dolomitic,  limes  from,  95,  96 
Limestone  from  Springfield.  Mo.,  analysis 
of,  116 

Limestone,  tests  of,  from 
Burlington,  546,  552 
Chequest  creek,  558 
Davenport,  544,  545,  557 
Given,  549 
Hale,    547 
Hopkinton,  546 
Humboldt,  546,  552 
LeClaire,  549,  554 
Morning  Sun,  548 
Oskaloosa,  552 
Postville,  544,  546,  552,  557 
Quarry,  549,  554,  556 
Stone  City,  544,  545,  547,  552, 557 
Tracy,  443,  549,   552 
Winterset,  548,  552 
Bedford,    Indiana,   544,    545,    551, 

554,  557 
Joliet,   Illinois,  551,  554 
K&sota,  Minnesota,  551,  554 
Lemont,  Illinois,  551,  554 
Winona,  Minnesota,  551,  554 

Limestone,    tests    of,    from    the 
Anamosa,  544,  545,  557 
Bedford  oolite,  544,  545,  554,  557 
Coal  Measures,  546,  547,  549,  553 
Hopkinton,  544,  545,  557 
Niagara,  544,  545,  557 
Pdla  beds,  443,  552,  553 
Saint  Louis,  443,  546,  549 
Limestone  quarries,  directory  of,  559 
Limestone   used   in   Portland   cement, 
analyses  of,  43,  44,  45 
classes  of,  43,  44,  45 
cost  at  mills,  53 
loss  on  burning,  53 
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Limestone  used  in  Portland  cement, 
origin  of,  44 

percentage  of  water  in,  55 
percentage  to  be  used,  88 
process  of  analysis  of,  76 
Linn  county, 

Devonian  system  in,  353 
Cedar  Valley  stage  in,  356 
Wapsipinicon  stage,  356 
Coggan  beds  in,   353 
Otis   beds   in,   354 
Niagara  series  in,  291 
Oower  stage  in,  291,  577 
Anamosa  phase  in,  291,  576 
Le(;ia!re  phase   in,   291,  577 
Hopkinton  stage  in,  291 
lime  in,  292 
Linwood    Quarries    ('o.,    quarry    of,    367, 

581 
Lithographic  City,  quarries  at,  339 
Lithograph'c  stone  from 
Floyd  county,  340 
Mitchell  county,  360 
''Little  Rock.'»  464 
Lodwick    Bros.    Oal    Co.,    coal    of,    fuel 

value  of,  172 
Loess,  work  of  B.  Shimek  on,  4 
Loftus,  John  J.,  quarry  of,  403,  567,  579 

tests  of  stone  from,  546,  553 
Logan,  quarry  at,  496 
Longaker,   A.   K.,   quarry  of,   561 
Longgrove,  quarry  at,  581 
Lonsdale,   E.  H.,  cited,  485,  508 
Loop,  E.  M.,  quarry  of,  263,  566 
Lord,  N.   W.,  cited,  76,  81 
Lorencc,  W.,  quarry  of,  576 
Lorenzen,  C.  F.,  quarry  of,  565 
Lortscher,  ('.,  quarry  of,  569 
Louisa  county, 

Carboniferous  system   in,  412 
Kinderhook  stage  in,  412 
Osage  limestone  in,  577 
Burlington    sub-stage   in, 
analyses  of,  413,  534 
quarries  in,  412,  577 
tests  of  stone  from,  548 
Louisville,    Ky.,   analysis   of    natural   ce- 
ment  from,  99 
Lovell,  John,  quarry  of,  566 
Low,  Wm.,  quarry  of,  376 
Lowell,   quarry   near,   423 
Lower  Buff  beds, 

in   Allamakee  county,  206 
in   Clayton   county,   208 
in  Dubuque  county,  217 
in  Winneshiek  county,   229 
Lower    Burlington   beds,   see    Burlington 

limestone 
Lower   Carboniferous   series,    see    Missis- 
si  ppian  scries 
Lower    Coal    Measures,    see   Dcs    Moines 
stage 

39 


Lower  Davenport  limestone,  analysis  of, 

531 
''Lower    Magnesian,''    term   superseded, 

194 

Lower  Quarry  beds, 

in  Clayton  county,  208.  211 
in  Dubuque  county,  217 

Lucas  county, 

Carboniferous  system  in,  475 
Des  Moines  stage  in,  475 
coal   from,   analyses   of,   172, 
529 

fuel  value  of,  172 
lime  in,  476 

Lumsden  Coal  and  Mining  Co.,  coal  of, 
fuel  value  of,  171 

Lundteigen,  analyses  by,  531,  532,  535, 
539 

Lynnville,  quarry  at,  471 
Lyons,  quarry  at,  564 

Macbride,  T.  H.,  cited,  385,  445 

work  of,  4 
Macedonia,  quarries  near,  515,  580 
Machinery  for  power  plants,  156 

Madison  county. 

Carboniferous  system  in,  496 
Missouri  stage  in,  496,  577 
Bethany  sub-stage,  496 
composite  section  of,  496 
EaHham    limestone,    498 
analyses  of,  501,  535 
quarries  in,  498,  577 
Fragmental    limestone,    497 
Winterset   limestone,   501 
analyses  of,  504,  505,  535 
of  shales  from.  504,  539 
lime   from,   505 
quarries    in,    578 
sections  in,  502,  503,  504 
tesrts  of,  548,  552 
escarpment  of,  497 

Magle,  Henry,  quarry  of,  567 

Magnesia,  effect  of,  on  Portland  cement, 
72 

Magnesian  and  dolomitic  limes,  tests  of, 
118 

Magnesium  carbonate  in   limestones,   de- 
termination   of,   78 

Mahaska  county. 

Carboniferous  system  in,  436 
analysis  of  coal  from,  529 
Saint   Louis   limestone   in,    436, 
578 

Pella  beds  in,  436 
analysis  of  limestone  from, 

535 
quarries  in,  436,  578 
tests  of  stone  from,  549,  552 
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Mammoth    Vein    coal,    analysis    of,    172 
fuel  value  of.  172 

Manhattan  Mills,  section  at,  405 

Manion,  F.,  quarry  of,  575 

Mankato,  Minn.,  analysis  of  natural  ce- 
ment from,  99 

Manufacture  of  Portland  cement,  meth- 
ods of,  54 

Maps,  topographic,  in  Iowa,  3 

Maquoketa,  analyses  of  limestone   from, 
533 
quarries  at,  572 

Maquoketa  limes, 

analyses  of,  132 
character  of,  132 
tests  of,  106,   133 

Maquoketa  stage,  195 

analysis  of  limestone  from,  533 

of  shales  from,  538.  539 
quarries  in,  572,  584 
structural  materials  from,  204 
in    Olayton    county,    213 
in  Dubuque  county,   223 
in  Fayette  county,  223 
in  Jackson  county,  226 
in   Winneshiek  county,   231 

Marble,  Iowa,  392 

analyses  of,  398 

tests  of,  549,  554 
Marble  Bock,  quarries  at,  336,  569 

Marion  county. 

Carboniferous  system  in,  437,  476 
Des  Moines  stage  in,  476 

coal    from,   analyses   of,    172, 
529 

fuel  value  of,  172 
Red  Rock  sandstone,  476 
tests  of,  549,   552 
Saint   Louis    limestone   in,    437, 
579 

lime    from,    444 
Pella  beds,  437 

analyses  of,  443  535 
cement  materials  from,  438 
character   of,    443 
quarries  in,  437 
tests  of,  443,   549,   552 
Verdi  beds,  441 

Marks,  L.  B.,  quarry  of,  586 

Marls,  analyses  of,  46,  327,  328.  538 

character  of,  45 

composition  of,  45 

cost  of,  at  mill,  54 

loss  on   burning,  53 

mixture  with  clays  for  cement,  59 

percentage  of  water  in,  56 

Marquisville,     coal     from,     analysis     of, 
172,   529 
cost  of  steam  from,  173 
fuel  vaflue  of,  171,  172.  529 

Marshall,  J.  M.,  quarry  of,  415,  577 


Marshall  county. 

Carboniferous  system  in,  386,  477, 
Des   Moines   sandstone   in,   477, 
fossil  trees  in,  477 
quarries  in,  477,  587 
Kinder  hook    limestone    in,    386, 
analyses  of,  398,  535 
quarry  industry  in,  388,  579 
Le  Grand  Quarry  Co.,  391 
equipment,  391 
product,  391 

tests    of   LeOrand   stone, 
393,  549,  554,  556 
Timber  creek  quarry,  393 
.  sections  in,  387 
Marshalltown,  quarry  at,  587 
Marston,  A.,  acknowledgments,      525 
tests  of  stone  by,  393,  443,  543 
Martin,  Wm.,  quarry  of,  573 
Masden,  E.  M.,  quarry  of,  571 

Mason   City, 

lime   from,  analyses  of,  107,   122, 

127 

character   of,   127 

tests  of,  106-110,  131 
limestone  from,  323 

analyses  of,  328,  532 
Portland  cement  materials  at, 

2,  23,  327 
quarries  at,  562 
shales  at,  326 

analyses  of,  85,  327,  328,  538 

Mason  City  beds,  320,  369 
Mason  City  Lime  and  Cement  Co.,  quarry 
of,  563 

Mason  City  Quarry  Co.,  quarry  of,  563 
Mastin  &  Sterns,  tests  of  stone  from,  553 
Matthey,  H.,  cited,  63 
Mayer  quarry,  section  of,  436 
McBane,  M.  B.,  quarry  of,  584 
McCalla  quarry,  section  of,  511 
McCreedy,  Jas.,  quarry  of,  583 
McElroy  &  Hodge,  quarry  of,  570 
McFarlane  &  Bartlett,  quarry  of,  561 
McGee,  W  J,  cited,  194 
McGlade,  M.  L.,  quarry  of,  566 
McGregor,  quarries  at,  564,  585 
Mclntire,  quarry  at,  361 
McLeod  quarry,  245 
McManus  &  Cameron,  quarry  of,  575 
McManus  &  Tucker,  quarry  of,  575 
Meek  &  Hayden,  cited,  521 
Merriam  quarry,  262 
Mcrsch,  G.,  quarry  of,  568 
Mersch,  John,  quarry  of,  561 
Michael,  L.  G.,  analyses  by,  85,  271,  328, 

501,    505,    532,    533,    535,    537 

539 
Michael,  Wra.,  quarry  of,  582 
Michigan,  testa  of  sandstone  from,  544, 

545.  551,  554,  557 
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Milesi,  Peter,  quarry  of,  266 

Milford,  quariy  near,  512 

MiUer,  B.  L.,  cited,  473 

Miller,' C.  H.,  quarry  of,  430,  575 

Miller,  J.  O.,  quarry  of,  565 

Miller,  M.,  quarry  of,  402,  567 

Miller,  T.  J.,  quarry  of,  569 

Miller,  Wm.  B.,  quarry  of,  560 

Mills,  6.  S.,  cited,  109 

Mills,  grindiug,  for  cement  materials,  58 

Mills,  quarry  at,  506 

Mills  county. 

Carboniferous   system   in,   505 
Missouri  stage  in,  505 
quarries  in,  506 

Milroy,  Jas.,  quarry  of,  566 

Milton,  N.  Dak.,  analysis  of  chalky  lime- 
stone from,  45 

Mineral  production  in  Iowa,  value  of  by 
years,  13 

Mineral  water,  production  of,  13,  23 
Mining  cement  materials,  reasons  for,  51 
Minnesota,  tests  of  limestone  from,  551, 

554 
Minnesota    Geological    Survey,    tests   by, 

548 

Mirchner,  A.,  quarry  of,  567 
Mississippian  series,   197 

climate  of,  198 

fauna,  197 

Kinderhook  stage,  371,  380 

Osage  stage,  400 

Burlington  beds,  401,  413 
Keokuk  beds,  404,  407,  416 
Montrose  cherts,  404,  406 
Warsaw  beds,  406,  433,  448 

Saint  Louis  stage,  421,  448 
Arenaceo-magnesian  beds,  448 
Brecciated   limestone,   449 
Compact  and  granular  limestone, 

449 
Keosauqua  sandstone,  449 
Pella  beds,  421,  428,  443 
Springvale  beds,  421 
Verdi  beds,  421 

Missouri,  coal  from,  analysis  of,  177 
tests  of,  177 

Missouri  stage, 

analyses,  501,  504,  505,  532,  535, 

538,  539 
character  of,  480,  493,  496 
conditions  during,  198 
divisions   of,   513 

Bethany  sub-stage,  480 

De  Kalb  limestone,  480,  491 
Earlham  limestone,   480   488, 

489,  498 
Fragmental     limestone,     480, 

488,  489 
Westerville      limestone,      480, 
492 


Missouri  stage— Continued 

Winterset  limestone,  480,  490, 
501 
Stennett  limestone,  480,  508 
in  Adair  county,  481 
in  Adams  county,  484 
in  Cass  county,  485 
in  Clarke  county,  486 
in  Dallas  county,  487 
in  Decatur  county,  489 
in  Fremont  county,  492 
in  Guthrie  county,  494 
in  Harrison  county,  495 
in  Madison  county,  496 
in  Mills  county,  505 
in  Montgomery  county,  507 
in  Page  county,  513 
in    Pottawattamie    county,    515 
in  Taylor  county,  517 
Mitchell,  Ind.,  analysis  of  shale  from,  85 
Mitchell  county, 

Devonian  system  in,  356 

Cedar  Valley  limestone  in,  356, 
579 

analyses  of,  535 
lime  from,  361 
lithographic  stone  from,  360 
analysis  of,  361 
quarries  in,  357,  579 
Moeller,  Mrs.  Louise,  quarry  of,  565 
Monmouth,  quarry  at,  573 
Monroe,  tests  of  stone  from,  547,  552 
Monroe  county,  coal  from,  analyses  of, 
529 
fuel  value  of,  529 
Monroe  red  sandstone,  473 
Monson's  quarry,  section  of,  427 

Montgomery   county, 

Carboniferous  system  in,  507 
Missouri  stage  in,  507,  580 
analysis    of    limestone    from, 

535 
quarries  in,  508,  580 

Montour,  quarries  at,  400,  581 

Montpelier,  quarries  at,  363 

Montrose,  quarry  at,  575,  587 

Montrose  cherts,   404,  406 

Moravia,  quarries  near,  464 

Mores'  quarry,  309 

Morgan,  C.  M.,  cited,  385 

Morgan  quarry,  472 

Morning  Sun,  analysis  of  stone  from,  534 
quarries  at,  412,  577 
tests  of  stone  from,  548 

Morris,  Lee,  quarry  of,  583 
Morrison,  C.  H.,  quarry  of,  569, 
Morrison,  G.  S.,  tests  by,  553 
Mortars,  lime,  tests  of,  106 
Moscow,  quarries  at,  362 
Mott,  D.  W.,  quarry  of,  377 
Mount  Pleasant,  quarries  at,  424,  571 
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Mount  Vernon  Stone  Co.,  quarry  of,  292, 

576 
Mowry,  G.  H.  &  H., 
quarry  of,  564 
Hunger,  D.  A.,  quarry  of,  586 
Murray,  analyses  by,  533,  535 

tests    by,   553,   555 
Muscatine  county, 

Carboniferous  system  in,  477 
Des  Moines  stage  in,  477 
character,  478 
quarriee  in,  478 
Devonian  system  in,  362 
sections  in,   362 
Sweetland  Creek  beds,  364 
character,    364 
Mystic  coal,  analysis  of,  529 
fuel  value  of,  172,  529 

Nagel,  C.  F.,  quarry  of,  567 
Nashua,  quarry  at,  342,  563 
Natural  cement,  analyses  of,  99 

burning   of,   35 

character  of,  35 

definition  of,  34 

differences  from  limes,  35 

differences  from  Portland  cements, 
35 

magnesia  in,  36 

materials  used  for,  36 

specific  gravity  of,  35 
** Natural  Portlands*'  of  Europe,  39 
Neuweg,  H.  J.,  quarries  of,  576,  587 
New  Process  lime,  142 
New  Richmond  sandstone,  203 
New  Sharon,  quarry  at,  436 
New  York   State   Museum,  cited,   116 
Newberry,  analysis  by,  536 
Newport,  quarry  at,   577 
Newton,  quarries  at,  586 
Niagara  limestone, 

analyses    of,    236,    243,    244,    248, 
531-534,  536 

characters  of,  234,  293 

divisions  of,  196,  234 

fossils   of,    195 

section   of,   234 

use  of  for  structural  purposes,  235 

in  Bremer  county,  235 

in   Buchanan   county,   236 

in  Cedar  cotinty,  236 

in  Clayton  county,  251 

in  Clinton  county,  252 

in  Delaware  county,   261 

in  Dubuque  county,  266 

in  Fayette  county,  269 

in  Jackson  county,  227,  273 

in   Johnson  county,   277 

in  Jones  county,   277 

in  Linn  county,  291 

in  Scott  county,  292 

in    Winneshiek   county,    233,    298 


Nielson,  Jens,  quarry  of,  305,  561 
Niobrara  stage,  521 
' ' Nishnabotany  sandstone,"  199 
Nishnabotna  sub-stage,  520 
Nora  Springs,  section  at,  335 
North   Dakota,  analysis  of  chalky  lime- 
stone from,  45 
North  Farley  quarry,  268 
Northwestern    States    Portland    Cement 

Co.,  quarry   of,   563 
Norton,    W.    H.,    cited,    236,    243,    353, 
354 

work  of,  on  underground  waters,  4 
Norwood ville,  coal  from,  analysis  of,  172 

fuel   value  of,   172 

Oakland  Mills,  quarries  near,  425 

Oelwein,  quarry  at,  569 

Ohio,  tests  of  sandstone  from,  544,  545, 
551,   554,   557 

Ohio  Geological  Survey,  cited,  82 

Oil,  fuel,  use  of  in  burning  cement,  66 

Olin,  quarries  at,  290,  573,  586 

Ollie,  quarry   at,  429,   575 

Oneota  limestone,    194 
character   of,   203 
quarries  in,   560 
in  Allamakee  county,  205 
in  Clayton  county,  207 
in  Winneshiek  county,  227 

Oolite,   Kinderhook,   371,   372,   380,   391 
from   LeGrand   beds,   analyses   of, 
398.  535 
lime  from,  400 
tests  of,  393,  549,  554,  556 

Oolite  from  Bedford.  Ind.,  tests  of,  544, 
545,   551,   554,   557 

Orchard,  quarries  at,  579 

Ordovician  system,  divisions  of,  203 
quarry  products  from,  204 
in  Allamakee  county,  205 
in    Clayton   county,    207 
in  Dubuque  county,  213 
in  Howard  county,  224 
in  Jackson  county,  225 
in  Winneshiek  county,  227 

Orndorff,   M.,  quarry  of,  581 

Orton,  E.,  cited,  196 

Osage,  analyses  of  limestone  from,  535 
quarries  at,  579 

Osage  limestone,   197 

analyses  of  shales  from,  539,  540 

area  of  outcrop,  400 

characters  of,  401,  406,  416 

divisions  of,  401,  406 

quarries  in,  567,  575,  577,  583,  587 

in  Des  Moines  county,  401 

in  Keokuk  county,  405 

in  Lee  county,  406 

in  Louisa  county,  412 

in  Van   Buren  county,  415 

in    Washington    county,    420 
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Osborne,  G.,  quarry  of, '573 

Osceola,  analyses  of  limestone  from,  532 

of  shale  from,  85,  538 

quarries  at,  487,  563 
Oskaloosa,    analysis    of    limestone    from, 
535 

quarry  at,  578 

tests  of  stone  from,  552 
Otis  beds,  analyses  of,  531 

character  of,  355 

crushed  stone  from,  356 

in  Linn  coufity,  354 
Ottumwa,  analysis  of  limestone  from,  537 

of  shale  from,  540 

quarries  at,  459,  583 
Owen,  C.  C,  quarry  of,  583 
Owen  beds,  character  of,  326,  342 

in  Cerro  Gordo  county,  326 

in   Franklin  county,   342 
Oxford  Lime  Co.,  quarry  of,  400 

Page  county, 

Carboniferous  system  in,  513 
Missouri  stage  in,  513 
divisions  of,  513 
sections   in,    514 

Paint,  from  Red  Rock  sandstone,  474 

Palisades,  quarry  at,  576 

Palmer,  W.  D.,  quarry  of,  573 

Panora,  analyses  of  shale    from,  85,  539 
quarry  at,  466 

Pardall,  F.  L.,  quarry  of,  576 

Parker,  M.  E.,  quarry  of,  567 

Parkins,  Levi,  quarry  of,  582 

Patrick,  G.  E.,  analyses  by,  328,  398,  535, 
538,   539 
cited,  393 

Patterson,  H.,  quarry  of,  567 

Patterson,  Wm.  H.,  quarry  of,  572 

Peat,  fuel  value  of,  3 

Peckham  &  Son,  quarry  of,  572 

Pekay  coal,  analyses  of,  171,  530 
fuel  value  of,  530 

Pella,  analysis  of  limestone  from,  535 

Pella  sub-stage, 

analyses  of  stone  from,  443 

characters,  421,  428,  443 

tests  of  stone  from,  443,  552,  553 

in  Henry  county,  424 

in  Jefferson  county,  426 

in  Mahaska  county,  436 

in   Marion   county,   443 

in  Wapello  county,  454 

in  Washington  county,  460 

Penitentiary  Quarry,  284,  573 

Pennsylvanian  series,  198 

Des  Moines  stage,  463,  466,  469, 
478 
Red   Rock   sandstone,   463,   471, 

476 
in  Appanoose  county,  464 
in   Dallas   county,   464 


PennBylvanian  series — Continaed 
in   Davis  county,   466 
in   Guthrie  county,   466 
in  Hardin  county,  466 
in  Iowa  county,  469 
in  Jasper  county,  470 
in  Lucas  county,  475 
in  Marion  county,  476 
in  Marshall  county,  477 
in  Muscatine  county,  477 
in  Polk  county,  478 
in  Wayne  county,  479 
in  Webster  county,  479 
Missouri  stage,  480,  493,  513 
Bethany  sub-stage,  480 

De  Kalb  limestone,  480,  491 
•  Earlham  limestone,  480,  489, 

498 
Fragmental     limestone,     480, 

489 
Westerville      limestone,      480, 

492 
Winterset  limestone,  480,  490, 
501 
Stennett  limestone,  480,  508 
in  Adair  county,  481 
in  Adams  county,  484 
in   Cass  county,  485 
in  Clarke  county,  486 
in  Dallas  county,  487 
in  Decatur  county,  489 
in    Fremont   county,   492 
in  Guthrie  county,  494 
in  Harrison  county,  495 
in  Madison  county,  496 
in  Mills  county,  505 
in  Montgomery  county,  507 
in   Page  county,   513 
in  Pottawattamie  county,  515 
in   Taylor  county,  517 
Pentamerus  beds, 

character  of,  264 
lime  from,  266 
quarries  in,  265 
in  Delaware  county,  264 
Peppel,  8.  v.,  cited,  101,  108 
Permian  system,  199 

character    of,    518 
gypsum  beds,  518 
uses  of,  518 
Perry,  J.   C,   quarry   of,   580 
Perry,  W.  P.,  quarry  section,  481 
Peru,  analysis  of  limestone  from,  535 

quarry  at,  504 
Petrie,  Wm.   H.,  quarry  of,  563 
Petroleum,  fuel  value  of,  172 
Phelps  &  Boland,  quarry  of,  574 
Phosphorus,    effect   of,    on    Portland    ce- 
ment, 73 
Pickering,  Wm.  M.,  quarry  of,  577 
Picnic  Point,  quarry  at,  567 
Pisny,  Jos.,  quarry  of,  576 
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Piano,  quarry  at,  560 

Piatt  Brick  Co.,  coal  of,  fuel  value  of,  172 

Platteville  stage,  194 

analyses   of   limestone   from,   532, 

533 
character  of,   204 
quarries  in,  564 
in  Allamakee  county,  206 
in  Clayton  county,  208 
in  Dubuque  county,  214 
in  Jackson  county,  225 
in  Winneshiek  county,  228 

Pleasant  Grove  quarries,  403 

Pleasant  Valley,  analyses  of  shale  from, 
539 

Pleistocene  system,  200 

character  of  in  Iowa,  5 
lowan  bowlders   from,  525 
Sioux  quartzite  bowlders  in,  525 

Plymouth  and  Woodbury  counties, 
Cretaceous  system  in,  521 

analyses  of  chalk     rock     from, 

522,  535 
character  of  beds,  521 
divisions   of,    521 
lime  from,  522 

Pocahontas  county. 

Carboniferous  system  in,  444 
Saint   Louis    limestone   in,    444, 
580 
analysis   of,   445 
quarries  in,  445,  580 

Polk  county. 

Carboniferous  system  in,  478 
Des  Moines  stage  in,  478 
analyses  of  shales  from,  539 
analyses    of    coal    from,    172, 
529 
fuel  value  of,  172,  529 
Pore  space  in  standard  sand,   105,   148. 

149 
Port  Union,  section  at,  483 
Portland,  analyses  of  shales  from,  538 

section  at,  325 
Portland  cement,  burning  of,  37 
calcium  sulphate  in,  40 
calculation  of  mixtures,  86 
character  of,  37 
clinker  grinding,  69 
coals  used  in  burning,  67 
composition    and    constitution    of. 
40,  41,  71 
actual,   72 

general  formula  of,  40 
theoretical,  71 
definition,    34,    38,    40 
definition  of,  by  U.  S.  Army,  39 
diatrranis  showing  production,  etc., 

24 
effect  of  alkalis  on,  73 
of   alumina  on,   72 


Portland  cement— Continued 

of   chemical   conditions   of   raw 
materials,  75 

of  composition   of,  on  burning, 
66 

of  gypsum  on,  70 

of  iron  on,  41,  72 

of  lime  silicate,  71 

of  magnesia,  41,  72 

of  phosphorus,  73 

of    physical    characters    of    raw 
materials,  75 

of  sulphur,  73 
fluxes  in,   72 
impurities  in,  40 
limestone  used  in,  analyses  of,  43, 

44,  45 
manufacture  of,  23 

steps  in,  54 
materials  and  manufacture  of,  33 
output  from  kilns,  66 
preparation  of  mixture  for  kiln,  55 
slag  used  in,  47 
specific   gravity   of,   37 
use  of   slate  in,   49 
use  of  term,  Portland,  38 

Portland    cement   materials,   41,   42,   43 
burning  of,  63,  64 

kiln  used,  64 
combinations  of,  42 
composition   of   mixture,   62 
cost  of  at  mill,  52 
dredging  of,  52 
drying  of,  55 

methods  and  cost  of,  57 
excavation  of,  50 
factors  determining  value  of,  50 
fineness  of,  after  crushing,  58 
grinding  and  mixing, 

dry  methods,  58 

wet    methods,    59 
location  of,  74 
loss  on  burning,  53 
mining  of,  51 
quarrying  of,  50 
suitability  of,  73 
testing  of,  73 

character  of,  74 

methods  of,  76 
water  in,  55 

Portland  cement  plants, 
at  Des  Moines,  23 
at  Harvey,  2,  23 
at  Mason  City,  2,  23 

Postville,  analyses  of  limestone  from,  533 
quarry  near,   569 
tests  of  stone  from,  544,  545,  546, 
552,  557 

Potash  in  clays,  determination  of,  81 

Potsdam    series,    193,    202 
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Pottawattamie  county, 

Carboniferous  system  in,  515 
Missouri  stage  in,  515,  580 
quarries  in,.  515,  580 

Cretaceous  system  in,  520 
section  in,  521 
Power  house,  requisites  of,  155 
Power  plants,  requirements  for,  155 

selection  and  equipment  of,  151 
Prairie  du  Chien  limestone, 

character   of,   203 

divisions  of,  203 

use  of  term,  194 

in  Allamakee  county,  205 

in  Clayton  county,  207 

in   Winneshiek  county,   227 
Prairiesburg,  quarry  at,  577 
Price,  W.  W.,  quarry  of,  451,  582 

tests  of  stone  from,  550 
Princeton,  quarry  at,  297 
Pritchard,  J.   W.,  quarry  of,  585 
Producer  gas  engine,  future  of,  181 

installation  of,  cost  of,  182 

tests  of,  176,  180 

rates  of  economy,  177 
Prospect  Hill,  section  at,  372 
Proterozoic   system,   rock   of,   201 
Purcell,  Thomas,  quarry  of,  253,  565 
Purdie,  Jas.,  quarry  of,  571 
Puzzolan  cements,  character  of,  37 

composition,   37 

definition,  34 

Quarries,  equipment  of,  151 
Iowa,  directory  of,  560 

Quarries   in 

Adair  county,  481 
Adams   county,   484 
Allamakee  county,  560 
Appanoose  county,  464,  560 
Benton  county,  299,  560 
Black  Hawk  county.  305,  561 
Bremer   county,    308,    562 
Buchanan  county,  314,  562 
Butler  county,   317 
Cass  county,  485,  520 
Cedar  county,  239,  319.  562 
Cerro  Gordo  county,  323,  562 
Chickasaw  county,  330,  563 
Clarke  county.  487,  563 
Clayton  county,  208,  252,  564,  585 
Clinton  county,  253,  564,  585 
Dallas  county,  465,  488 
Davis  county,  466,  565 
Decatur  county,  490,  566,  585 
Delaware  county,  261,  566 
Des  Moines  county,  372,  402,  421, 

567,    585 
Dubuque   county,   217,   267,   567 
Fayette  county,  270,  331,  568 
Floyd  county,  335,  569 
Franklin   county,   343,   376 
Fremont  county,  493 


Qaarries  in 

Grundy  county,  379,  570 
Guthrie  county,  466,  520 
Hamilton  county,  422,  570 
Hardin  county, '381,  469,  570,  586 
Harrison  county,  496 
.  Henry  county,  423,  571 
Howard  county,  224,  343,  572 
Humboldt  county,  426,  572 
Iowa  county,  469 
Jackson  county,  225,  273,  572 
Jasper  county,  471,  586 
Jefferson  county,  427 
Johnson  county,  347,  573 
Jones  county,   280,   573,   586 
Keokuk  county,  405,  429,  574,  586 
Lee  county,  408,  433,  575,  587 
Linn  county,  291,  353,  576 
Louisa   county,   412,   577 
Lucas    county,    475 
Madison  county,  498,  577 
Mahaska  county,  436,  578 
Marion  county,  437,  476,  579 
Marshall    county,    391,    477,    579, 

587 
Mills   county,   505 
Mitchell  county,  359,  579 
Montgomery  county,  508,  580 
Muscatine  county,  362,  478 
Page  county,  514 
Pocahontas  county,  444,  580 
Polk   county,   478 
Pottawattamie  county,  515,  580 
Scott  county,  294,  364,  581,  587 
Story  county,  446 
Tama  county,  399,  581,  587 
Taylor  county,  517 
Van  Buren  county,  419,  450,  582, 

587 
Wapello  county,  455,  582 
Washington  county,  420,  460,  583 
Wayne  county,  479 
Webster  county,  479,  584,  588 
Winneshiek  county,  298,  584 
Worth    county,    369 
Quarry,  cniarries  at,  391,  579 

analyses   of   limestone    from,    398, 

535 
tests  of  stone  from,  393,  549,  554, 

556 

Quarry  products,  geology  of,  185,  201 
Quarry  products  from  the 

Anamosa  limestone,  234,  239,  278, 

562,  573,  574,  576,  581 
Benton    sub-stage,    521 
Bethany  sub-stage,  481,  487,  489 
Burlington   beds,   402,   406,   412 
Cedar  Valley  stage,  299,  305,  309, 

315,    323,    332,    335,    344,    348, 

359,  362,  368,  369,  560-563,  569, 

570,  572,  573,  579 
Chariton  conglomerate,  464 
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Quarry  products  from  the 

Coggan   beds,   299.   353 

Cretaceous  system,  519,  520,  522 

Dakota    stage,    520 

Davenport  beds,  368 

De  Kalb  limestone,  491 

Des   Moines  stage,  464,  466,   469, 

471,  475,  477.  480,  560,  585-588 
Devonian    system,    317,    319,    323, 

330,   362,   367,   569 
Earlham  limestone,  483,  488,  489, 

498 
Fragmental  limestone,  483,  488 
Galena    limestone,    204,    218,    230, 

564,  567,  568 
Geode  fceds,   407 
Gower  stage,  234,  577 
Hopkinton    stage.    234,    273,    278, 

562,  564,  566-568,  572,  573 
Keokuk  limestone,  404,  408,  416 
Kinderhook  stage.  371,  372,   376, 

379,    381,    391,    399,    570,    571. 

576.  579,  581,  587 
LeClaire  limestone,  234,  577 
Lime  Creek  shales,  336 
Maquoketa    stage,    204.    232,    572, 

584 
Missouri  stage,  484-486,  493,  496, 
505,  507,  513,  515.  517,  563,  566, 

577,  578.  580,  585 

Niagara  limestone,  234,  266,  270 
Nishnabotna  limestone,  520 
Oneota   phase,   560 
Osage   stage.    401,    405.   406,    412, 

416,  420,  567,  575,  577,  582,  587 
Ot"S   limestone,  354 
Owen  beds.  343 
Pella  leds,  424,  427,  436,  443,  454, 

460 
Pentamerus   limestone,  265. 
Permian  system,  518 
Platteville*  limestone,  204,  229,  564 
Pleistocene  system,  525 
Prairie  du  (iiien  stage,  203 
Red  Rock  sandstone,  463,  471,  476 
Saint  Croix  sandstone,  203 
Sa-nt   Louis  stage,   421.   426,   445, 

446,  448,  .565,   570,   584 
Saint    Peter    sandstone,    203,    205. 

209,   214,   585 
Sioux    ouartzite,    201,    525 
Springvale    beds,    423 
State  Quarry  be<ls,  299.  350 
Stennett  limestone,  508 
Verdi  beds,  423,  424,  429,  441,  461 
Wapsipinicon  limestone,  299,  308, 
314,  331,  347.  354,  368,  572,  576, 

581 
Warsaw  beds,   408,  416 
Westerville  limestone,   492 
Winterset  limestone,  501,  578 


Quarrying  cement  materials,  methods  of, 

50 
Quartzite,   Sioux,   bowlders   from,   525 
Quinby,  C.  K..  quarry  of,  563 
Quinn,  John,  quarry  of,  584 
Qulnn,  Mrs.  R.  H.,  quarry  of,  560 

Randall,  G.  W..  quarry  of.  581 
Reasnor.  quarry  at,  472 
Red  Rock,  quarries  at,  476 

tests  of  stone  from,  549,  552 
Red  Rock  sandstone, 

analyses  of,  474,  475 

area,   472.  476 

character  of,  463,  475,  476 

mineral  paint   from,  474 

quarries  in,   472,   476 

tests  of,  549,  552 
Redfield,  quarries  near,  464 
Resse,  T.  B.,  quarry  of,  578 
Reinhart,  John,  quarry  of,  473 
Reinhart,  M.  J.,  cited,  105 
Remmers,   O.   F.,  quarry   of,   o80 
Reports  of  Iowa  Geological   Survey,   use 

of,  in  schools,  6 
Reppe  Bros.,  quarry  of,  560 
Rice,  Brenner  &,  quarry  of.  579 
Richland,  quarry  at,  575 
Richmond  shales,  195 
Rife,  Jas.,  quarry   of,   560 
Rittenhouse,   Lew,  quarry  of,   568 
Riverside,  quarry  at,  400 
Road  materials  from  the 

Anamosa  limestone,   240,   280,   291 

Cedar  Valley  limestone,  310,  368, 
369 

Devonian   limestone,   299 

Lime  Creek  shales,  336 

Maquoketa  stage,  213,  223 

Niagara  limestone,  254,  294 

Osage  stage,  403 

Otis  beds,  354 

Sioux  quartzite,   201 

Wapsipinicon   limestone,   354.   367 
Robertson,  S.   A.,  quarry  of,  498,  577 
Robinson,  W.  S.,  analysis  by.  538 
Rock  cements,  analysis  of,  99 
Rock  Island  Arsenal,  tests  by,  548,  553 
Rock   Island   Crushed   Stone   Co.,   quarry 

of.  581 
Rockford,  analysis  of  shale  from,  539 

quarry  at,  570 

section  at,  336 
Roe,  Jas.,  quarry  of.  573 
Rogers  Coal  Co.,  coal  of,  analysis  of,  172 

fuel  value  of,  172 
Roman  cements,  analysis  of,  99 
Ronen,  John,  quarry  of,  284,  574 
Roseland  coal,  analysis  of,  172 

fuel  value  of,  172 
Rosenburg,   E.,   quarry   of,   560 
Rosen  dale,  N.  Y.,  analysis  of  natural  ce- 
ment from,  99 
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Bosenkrans,  N.,  quarry  of,  569 
Bummel,  Roy,  quarry  pf,  289,  586 
Russell,  G.  N.,  quarry  of,  578 
Rutland,    '' Sandstone ' '    quarry    at,    426 
sections  at.  385 

Sac  county, 

Cretaceous  system  in,  522 

Portland       Cement        materials 

from,  522 
section  in,  522 
Saint  Croix  sandstone,  193 

character  of,   203 

divisions  of,  202 

use  of,  203 
Saint  Donatus,   section  at,   225 
Saint  Louis  stage,  198 

analysis  of  stone  from,  435,  443, 
445,  454,' 533,  535 

characters,  421,  448 

divisions,  421,  433,   448 

quarries  in,  565-584 

tests  of  stone  from,  443,  546,  549, 
553 

in  Des  Moines  county,  421 

in  Hamilton  county,  422 

in   Henry  county,  423 

in  Humboldt  county,  425 

in  Jefferson  county,  426 

in  Keokuk  county,  428 

in  Lee  county,  430 

in  Mahaska  county,  436 

in   Marion  county,  437 

in  Pocahontas  county,  444 

in  Story  county,  446 

in  Van  Buren  county,  448 

in  Wapello  county,  454 

in  Washington  county,  460 

in  Webster  county,  462 
Saint  Peter  sandstone,  194 

character  of,  203 

quarries  in,  585 

in  Allamakee  county,  205 

in  Dubuque  county,  213 
Saint  Sebald,  analysis  of  shale  from,  538 
Salem,  quarries  near,  425,  571 
Salisbury  quarry,  344 
Salter,  W.  P.,  quarry  of,  582 
San    Antonio,    Tex.,   analysis    of   chalky 

limestone  from,  45 
Sand,   effect    of,   on   tensile  strength    of 
mortars,  106-150 

pore  space  in,  105,  148,  149 

proportion  of,  in  mortar,  105,  107, 
148,  150 
Sand  and  gravel  production,  13 

classified,  21 
Sand  for  mortar, 

composition  of,  104 

physical  condition  of,  105 

proportions  used,   107,   148,   150 

purpose  of,  104 


Sandstone,  analysis  of,  from  Red  Rock, 

474,  475 
Sandstone,  tests  of,,  from 
Chequest  creek,  550 
Monroe,  547,  552 
Red  Rock,  549,  552 
Van  Meter,  546,  552 
West  Point,  548 
Berea,  Ohio,  551,  554 
Cleveland,  Ohio,  544,  545,  551,  554, 

557 
Lake    Superior,    544,545,551,    554, 

557 

Sandstone   lenses   in   Des   Moines   stage, 
463,  465,  471,  476 

Sandstone  quarries,  directory  of,  585 
Sandusky,  C.  G.,  quarry  of,  575 
Santa  Fe  quarry,  section  of,  433 
Savage,  T.  E.,  cited,  504 
Schmidt,  H.  G.,  quarry  of,  581 

Scott  county, 

Des  Moines  stage  in, 

analysis  of  shale  from,  539 

of  coal  from,  530 
quarries  in,  587 
Devonian  system  in,  364 

Cedar  Valley  limestone  in,  368 

quarries  in,  368 
lime  from,  368 

Wapsipinicon  limestone  in,  368, 
581 

analyses  of,  535 
crusher  plants  in,  367 
Davenport  beds,  368 
quarries  in,  367,  581 
Niagara  series  in,  292 
Gower  stage  in,  293 

Anamosa    limestone    in,    293, 
581 

analyses  of,  536 
intermediate  beds,  297 
quarries  in,  294,  581 
relations  to  LeClaire,  293 
LeClaire  phase,  character  of, 
293 
tests    of    limestone    from,    544, 
545,  549,  554,  557 

Section,  general,  of  the 

Bethany,  497 

Cedar  Valley,  320,  358 

Coggan  beds,  354 

Kinderhook,  380 

LeGrand  beds,  387 

Niagara,  234,  257 

Osage,  404 

PlatteviUe,  214 

Stennett,  508 
Sefzik,  F.  E.,  quarry  of,  568 
Selenite   in   Des   Moines   sandstone,  479 
Selma,  quarries  at,  582 
Setting  and  hardening  of  limes,  103 
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Setting  period,  effect  of  on  mortar,  106- 

147 
Seventeen-foot   limestone,   464 
Shaddle,  John,  quarry  of,  564 
Shakopee  limestone^  203 

in  Allamakee  county,  205 

in  Clayton  county,  208 
Shales,  analyses  of,  44,  85,  87 

Cretaceous,  519 

Des  Moines,  538,  539,  540 

Kinderhook,  375 

Lime  Creek,  327,  328,  538,  539 

Maquoketa,  271,  538,  539 

Missouri,  539 

Osage,  539,  540 

Platteville,  539 

Saint  Louis,  435,  454 

Winterset,  504 
Shales,  Iowa,  hydraulic   factor  of,   85 
Shell  Bock,  quarries  at,  318 
Shellsburg,  quarries  at,  303,  560 
Sherman,  John,  quarry  of,  585 
Sherrill,  quarry  at,  568 
Shimek,  B.,  work  of  on  loess,  4 
-Short,  W.  M.,  quarry  of,  487,  563 
Showman,  quarries  at.  429 
Siege,  A.,  quarry  of,  568 
Sigourney,  quarries  at,  430,  575 
Silica,,  effect  of  chemical  conditions  of, 
on  burning  cement,  75 

effect  of  physical  conditions,  75 
Silica   in   cement   mixture,   effect   of,   on 
burning,   67 

in  days,  determination  of,   79 

in  limes,  influence  of,  97 

in  limestones,  determination  of,  78 
Silicate,  lime,  effect  of,  on  Portland  ce- 
ment, 71 
Siliceous    matter,    determination    of,    in 

limestones,  76 
Silurian  System,  see  Niagara 
Sims  Bros.,  quarry  of,  579 
Sioux  Citv,  sandstones  near,  521 
*' Sioux  City  granite,''  518 
Sioux  countv,  analysis  of  limestone  from, 

536 
Sioux  quartzite,  description  of,  193,  201 

structural  materials  from,  201,  525 
Slag,  blast  furnace,  analysis  of,  48 

use  of  in  Portland  cement,  47 
Slaking   of   limes,   chemistry    of,    96,   99 

expansion  during,  101 
Slate,  analysis  of,  49 

use  of,  in  Portland  cement,  49 
Smith.  Mrs.  A.,  quarry  of,   257 
Smith,  C.  D.,  quarrj-  of,  570 
Smith,  J.  L.,  cited,  80 
Smoky  Hollow  coal,  analysis  of,  172 

fuel  value  of,  172  ' 
Snapp,   David,   section   on   farm  of,  516 
Snouffer,    J.    J.,    Jr.,    crusher    plant    of, 
354,  576 


Soda  in  clays,  determination  of,  81 
Sommers,  F.,  quarry  of,  572 
South   Dakota,  analysis   of   chalky   lime- 
stone from,  45 
Spechts    Ferfy,    analysis    of    limestone 
from.  532 

of  shale  from,  539 

sections  near,  214,  217 
Specific  gravity  of  LeGrand  stone,  397 
Specific  gravity  of  limes,  103,  149 
Sperbeck,  L.,  quarry  of,  582 
Sprenger,  H.,  quarry  of,  576 
Spring  Valley,  111.,  coal  from,  fuel  value 

of,   171 
Springfield,   Mo.,  lime,  analysis  of,   116 

character,   116 

tests  of,  106,  117 
Springvale  sub-stage, 

characters,  421,  428 

in  Hamilton  county,  423 

in  Henry  county,  423 

in  Keokuk  county,  428 

Stanger,  W.  H.,  cited,  63 
Stanton,  quarries  at,  512 
State  quarry,  Anamosa,  284,  573 
State  Quarry  limestone,  197 

character  of,  299,   350 

distribution  of,  299 

in  Johnson  county.  350 

Steam,  fuel  cost  of  per  1000  lbs.,  173 

transmission  of  to  drills,  175 
Steam    pipes   and   fittings,   covering   of, 
175 

Steamboat  Rock,  quarries  at,  586 

Steele,  W.  A.,  quarry  of,  577 

Steiger,  Geo.,  analyses  by.  532,  534,  535 

537 
Stennett,  analysis  of  limestone  from,  535 
quarries  at.  508,  580 

Stennett,  H.  L.,  quarry  of,  580 
Stennett,  W.,  quarry  of,  508 
Stennett  limestone,  480,  508,  513 
Sterns,    Mastin   &,    tests   of   stone   from, 

553 
Stevens,  C.  J.,  quarry  of,  399,  581 
Stevens,  T.  L.,  quarry  of,  456,  582 
Stevens,  W.  H.,  quarry  of,  575 
Stickfort,  C.  G.,  quarry  of,  585 
Stoeffler,  Franz,   Sr.,   quarry  of,  564 
Stokers  for  boilers,  158 
Stone,  production  of,  by  years,  13 

classified,  18 

diagram  showing  production,  17 
Stone  City,  analysis  of  limestone  from, 
534 

quarries  at,  283,  574 

tests  of  stone  from,  544,  545,  547, 
552,  557 
Stony  Point,  quarry  at,  473 
Stookey,  S.  W.,  work  of,  4 
Story,  L.,  quarry  of,  574 
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Story  county, 

Carboniferous  system  in,  446 
Saint  Louis  limestone  in,  446 
sections  in,  446 
Street,  Jas.,  quarry  of,  568 
Stromatopora  beds,  320,  369 
Stuart  &  Co.,  quarry  of,  573 
Sulphur  in  coal,  effect  of,  178,  180 

in  Portland  cement,  effect  of,  73 
Swan,  Wm.  B.,  quarry  of,  560 
Swanson,  C.  A.,  quarry  of,  422,  570 
Sweetland  Creek  shales,   197,  364 

Talbot  quarry,  section  of,  465 
Talkington  quarry,  479 
Tama  county. 

Carboniferous   system    in,    398 
Kinderhook    limestones   in,    398 
581,  587 

quarries  in,  399,  581,  587 
Tara,  quarries  at,  584,  588 
Tarkio  limestone,  515 
Taylor,  Henry,  quarry  of,  577 
Taylor,  W.  E.,  quarry  of,  571 
Taylor  county, 

Carboniferous  system  in,  517 
Missouri  stage  in,  517 

analysis  of  coal  from,  530 
of   limestone  from,   536 
sections  in,  517 
Tensile  strengths  of  limes,  tests  -of,  106- 

150 
Tests  of  Iowa  building  stones,  543 
Tests  of  lime  from  Eagle  Point,  118 
from  Maquoketa,  133 
from   Mason   City,   106,   107,   131 
process  of,  108 
table  of,  110 
from  Springfield,  Mo.,  116 
from  Viola,  143 
Tests  of  raw  materials  for  Portland  ce 
ment,  73 
character  of,  74 
methods  of,   76 
Tests  of  stone  from 

Burlington,  546,  552 

Chequest  creek,  550 

Davenport,  544,  545,  557 

Given,  549 

Hale,  547 

Hopkinton,  546 

Humboldt,  546,  552 

Le  Claire,  549,  554 

Monroe,  547,   552 

Morning  Sun,  548 

Postville,  544,  545,   546,  552,  557 

Quarry,  395,  549,  554,  556 

Red  Rock,  549 

Stone  City,  544,  545,  547,  552,  557 

Tracv,  443,  549,  552 

Van  'Meter,  546,  552 

West  Point,  548 


Tests  of  etone  from 

Winterset,  548,  552 

Bedford,    Indiana,   544,    545,   551, 

554,  557 
Berea,  Ohio,  551,  554 
Cleveland,  Ohio,  544,  545,  551,  554, 

557 
Joliet,  Illinois,  551,  554 
Kasota,  Minnesota,  551,  554 
Lake  Superior,  544,  545,  551,  554, 

557 
Lemont,  Illinois,  551,  554 
Winona,  Minnesota,  551,  554 

Tests  of  stone  from  the 

Anamosa  phase,  544,  545,  557 
Bedford  oolite,  544.  545,  554,  557 
Coal  Measures,  546,  547,  549,  553 
Hopkinton  stage,  544,  545,  557 
Lake  Superior  sandstone,  544,  545, 

554,  557 
LeGrand  phase,  395,  556 
Niagara  series,  544,  545,  557 
Pella  beds,  443,  552 
Saint   Louis   limestone,   443,   546, 
549,  553 

Texas,     analysis     of     chalky     limestone 
from,  45 
petroleum  from,  fuel  value  of,  172 

Thicker     Quarry     beds     in     Winneshiek 
county,  229 

Thielman,    F.    H.,   tests   of   stone    from, 
549 

Thin  Brittle  beds  in  Winneshiek  county, 
229 

Thompkin,  J.  W.,  quarry  of,  560 

Thurman,  quarries  near,  493 

Thurston,  J.   L.,   quarry  of,   415 

Tibey  Bros.,  quarry  of,  568 

Tigue  quarry,  Keokuk,  408 

Tilton,  J.  L.,  cited,  495 

Timber  creek,  quarry  at,  393 
section   at,  388 

Topographic  maps  in  Iowa,  3 

Tracy,  analysis  of  limestone  from,  443, 
535 
quarries  at,  437,  579 
tests  of  stone  from,  443,  549,  552 

Transverse  tests  of  limestone  from 

Bedford,  Indiana,  544,  545,  557 
Fayette  county,  544,  545,  557 
Jones  county,  544,  545,  557 
Scott  county,  544,  545,  557 

Transverse  tests   of   limestone   from   the 
Anamosa  phase,  544,  545,  557 
Hopkinton  stage,  544,  545,  557 

Transverse  tests  of  sandstone  from 

Cleveland,  Ohio,  544.  545,  557 
Lake  Superior,  544.   545,  557 

Trenton  series,  character  of,  204 
divisions  of,  204 

*' Trenton"    limestone,    term   superseded, 
195 
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Trinder,  John,  quarry  of,  560 

^rip,  J.  M.,  quarry  of,  561 

Tripoli,  analysis  of  stone  from,  236 

Truax,  Wm.  P.,  quarry  of,  560 

Tucker  &  McManus,  quarry  of,  411,  575 

Udden,  J.  A.,  cited,  364,  412,  521 
Union  Park  quarry,  Clinton,  254 
United   States   Geological   Survey,   cited, 
53,  58,  85,  116 
fuel  testing  plant  at  Saint  Louis, 

176 
work  of,  in  Iowa,  3 

Upper    Burlington    beds,    see    Burlington 

limestone 
Upper  Carboniferous,  see  Pennsylvanian 
series 
unconformity   of,   198 
Upper     C^oal     Measures,     see     Missouri 

stage 
Upper  Devonian  beds, 

analyses  of,  327,  328,  538,  539 
character   of,    326,   343,    350,   364 
in  Cerro  Gordo  county,  320,  326 
in  Floyd  county,  332 
in  Franklin  county,  342 
in  Johnson  county,  350 
in  Muscatine  county,  364 
Upper  Quarry  beds 

in  Clayton  county,  208,  211 
in  Dubuque  county,  223 
Utah,  cement  rock  used  in,  analysis  of, 
44 
limestone  used  in,  44 
Utica,    111.,    analysis    of    natural    cement 
from,   99 

Valentine,  J.  W.,  quarry  of,  566 
Van  Buren  county, 

Carboniferous  system  in,  415,  448 
analysis  of  coal  from,  530 
Osage  stage  in,  415,  587 
analysis  of  shale  from,  540 
Burlington  beds,  415 
Keokuk    sub-stage, 
characters,    416 
divisions,  416 

Keokuk   limestone,   416 
quarries  in,  419 
Saint   Louis   limefltone  in,   448, 
582 

analyses    of    limestone    from, 
454,  536 

of  shales  from,  454 
arenaceo-magnesian       beds, 
448 
brecciated  limestone,  449 
compact    and    granular   lime- 
stone, 449 
Keosauqua  sandstone,  449 
quarries  in,  450,  582,  587 
tests  of  stone  from,  550 


Van  Meter,  analysis  of  shale  from,  538 
coal  from,  fuel  value  of,  172 
tests  of  stone  from,  546,  552 

Vamey,  R.  C,  quarry  of,  583 

Venator,  F.   A.,  quarry  of,  582 

Verdi,  quarries  at,  461 

Verdi  sub-stage, 

characters,  421,  429 
in  Henry  county,  424 
in  Keokuk  county,  428 
in  Marion  county,  441 
in  Washington  county,  461 

Vernon  Springs,  <^uarry  at,  344,  572 

Villisca,  quarry  near,  512 

Vinton,  quarries  at,  302,  560 

Viola  lime,  analyses  of,   142 
character  of,  142 
tests  of,  106,  143 

Viola  Lime  Works,  quarry  of,  292,  577 

Vogt,  Joseph,  quarry  of,  564 

Volga,  quarry  at,  564 

Waddell,  S.  H.,  quarry  of,  569 
Wagner,  W.  J.,  quarry  of,  579 
Walgren  's  quarry,  section  of.  427 
Walker,  I.  M.,  quarry  of,  575 
Walker,  M.  C,  quarry  of,  577 
Walker,  S.  B.,  quarry  of,  565 
Wallick  quarry,  246 

Wapello  county. 

Carboniferous  system  in,  454 
Des   Moines   stage  in, 

analyses  of  coal  from,  530 

fuel  value  of,  530 
analysis  of  shale  from,  540 
Saint    Louis   limestone    in,    454, 
582 
analysis    of    limestone    from, 

537 
Pella  beds  in,  454 

crushed  stone  from,  456 
quarries  in,  455,  582 

Wapsipinicon    limestone, 

analyses  of,  309,  531,  535 

character  of,  299 

Coggan  sub-stage,  299,  353 

distribution  of,  299 

quarries  in  560,  572,  576,  581 

in  Benton  county,  299 

in  Black  Hawk  county,  304 

in  Bremer  county,  308 

in  Buchanan  county,  314 

in  Fayotte  county,  330 

in  Howard  county,  343 

in  Johnson  county,  347 

in  Linn  county,  353 

in  Scott  county,  368 

Ward,  W.  F.,  quarry  of,  581 
Wardlow  &  Kennedy,  quarry  of,  576 
Warren    county,    analysis   of   coal    from, 
530 


INDEX 


621 


Warsaw  beds,  character  of,  408 

in  Lee  county,  408,  433 
Washington,  quarries  near,  420,  462,  583 
Washington  county, 

Carboniferous  system  in,  400,  420, 
460 

Kinderhook  limestone  in,  400 
Osage  limestone  in,  420,  583 

quarries  in,  420,  583 
Saint    Louis   limestone   in,   460, 
583 
Pella  beds  in,  460 

quarries  in,  460,  583 
Verdi  beds  in,  461 
Wasson's  quarry,  414 
Wassonville,  quarry  at,  400 
Water,  effect  of,  on  strength  of  mortar, 

106-148 
Water  of  composition  in  clays,  determi- 
nation of,  82 
Water  used  in  slaking  lime,  100,  101,  148 
Waterloo,  quarry  at,  561' 
Waterloo  Stone  Company,  quarry  of,  306 
Watts,  G.  W.,  quarry  of,  575 
Waukee,  quarries  at,  489 
Waverly,  quarry  at,  310,  562 
Wayne  county, 

Carboniferous  system  in,  479 
Des  Moines  stage  in,  479 
analysis  of  coal  from,  530 
quarries  in,  479 
Webster,   C.  L.,  cited,   339,  341 
Webster     City,     analysis     of     limestone 
from,  533 
quarry  at,  422,  570 

Webster  county. 

Carboniferous  system  in,  462,  479 
Des  Moines  stage  in,  479,  588 
analysis  of  coal   from,  530 

of  shales  from,  540 
quarries  in,  479,  588 
Saint  Louis  limestone  in,  462,  584 
character  of,  462 
quarries    in    462,    584 
Permian  system  in,  5 IS 
gypsum  in,  518 
Weed  &  Dorland,  quarry  of,  569 
Weems.  J.  B.,  analyses  by,  85,  327,  328, 
443,  445.  519,'  533,  535,  538,  539, 
540 
tests  by,  443 

Weller,  Stuart,  cited,  372 
Wenner,  Mrs.   M.,  quarry  of,  560 
West,  J.  W.,  quarry  of,  566 
West  Burlington,  quarry  at,  567 
West  Point,  quarries  at,  576,  587 

tests  of  stone  from,  548 
West  Union,  quarry  at,  569 
West    Virginia,    coal    from,    analysis    of, 
179 

fuel  value  of,  171 

tests  of,  177,  179 


Westchester,  quarries  at,  583 

Westerville  limestone,  480,  492 

West  field,  analysis  of  chalk  from,  535 

chalk  rock  near,  521 
Wever,  quarry  at,  407 
Whann  quarry,  247 
Wheeler,  N.  J.,  quarry  of,  570 
Whitaker,  P.  W.,  quarry  of,  567 
White,  C.  A.,  cited,  195,  199,  495,  521 
White  &  Son,  quarry  of,  587 
White   Cliffs,    Ark.,    analysis    of    chalky 

lim^one  from,  45 
White  lime,  tests  of,  107,  132 
Whitebreast  Fuel  Co.,  coal  of,  fuel  value 

of,  171 
Whitmore  quarry,  section  of,  460 
Wilcox  quarry,  261 
Wilder,  F.  A.,  cited,  518 
resignation  of,  1 
work  on  coals,  1  . 
Willard,  coal  from,  fuel  value  of,  172 
Williams,  A.  A.,  quarry  of,  575 
Williams,  Ira  A.,  work  of,  2 
Beyer  &, 
Geology  of  Quarry  Products  by, 

185  ' 
Materials   and    Manufacture   of 

Portland  Cement,  29 
Quarry  Products  of  Iowa,  27 
Tests  of  Iowa  limes,  91,  525 
Williams,  Wilkes,  analyses  of  limestone 
from,  533 
quarry  of,  270,  569 
tests  of  stone  from,  544,  545.  546, 
552,  557 
Williams  and  Davis  quarry,  271 
Williamson,  C.  H.,  quarry  of,  564 
Williamson,   F.   E.,  quarry  of,  566 
Wilson,  B.,  quarry  of,  577 
Wilson,  C.  B.,  quarry  of,  412,  577 

tests  of  stone  from,  548 
Wilson,  R.  0.,  quarry  of,  585 
Winchell,  N.  H.,  tests  by,  555 
Winneshiek  county, 
lime  in,  233 

Niagara  limestone  in,  298 
Ordovician  system  in,  227 
Galena  limestone  in,  230 
analyses    of,    537 
character   of,   231 
Maquoketa  stage  in,  231,  584 
Fort  Atkinson  limestone,  232 
Isotelus    zone,    231 
quarry  in,  584 
Oneota    limestone   in,    227 

character  of,  228 
Platteville  limestone  in, 
character  of,  228 
divisions  of,  228 
Lower   Buff   beds  in,   229 
Thicker  Quarry  beds  in,  229 
Thin  Brittle  beds  in,  229 
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Winona,  Minnesota,  tests  of  stone  from, 

551.  554 
Winter's  quarry,  section  of,  424 
Winterset;  analyses  of  limestone  from, 
504,  535 
analyses  of  shale  from,   85,  504, 

539 
quarries  at,  501,  578 
tests  of  stone  from,  548,  552 

Winterset  Brick  and  Tile  Co.,  503 
Winterset  limestone,  480,  490,  494,  501 

analyses  of,  504,  505 
Witt,  H.,  quarry  of,  581 
Woodard,  C.  O.,  quarry  of,  573 
Woodbine,  quarry  at,  495 
Woodbum,  J.  S.,  quarry  of,  580 
Woodbury  county,  see  Plymouth  county 
•'Woodbury  sandstones  and  shales,''  199 


Worth  county, 

Devonian  limestone  in,  369 
Cedar  Valley   limestone  in, 
lime  from,  371 
Mason    City    sub-stage,    369, 

371 
sections  in,  369 
Wyoming,  coal  from,  analysis  of,  179 
tests  of,  177,  179 

Yankton,    S.    Dak.,    analysis    of    chalky 

limestone  from,  45 
Yoke,  F.  v.,  quarry  of,  578 

Zinc,  see  lead 

Zollicoffer  Lake,   analyses   of  limestone 

from,  533 
Zorn,  G.  W.,  tests  of  stone  by,  393 
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